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Glossary of Terms
Armoring – Bank armoring is defined as any rigid human-made stabilization practice that
permanently prevents lateral migration processes. Examples of armoring include rip-rap,
gabion baskets, concrete, boulder toe, engineered log jams, and other engineered
materials that cover the entire bank height. Bank stabilization practices that include toe
protection to reduce excessive erosion are not considered armoring if the stone or wood
does not extend from the streambed to an elevation that is beyond one-third the bankfull
height and the remainder of the bankfull height is vegetated.
Bankfull – Bankfull is a discharge that forms, maintains, and shapes the dimensions of the
channel as it exists under the current climatic regime. The bankfull stage or elevation
represents the break point between channel formation and floodplain processes
(Wolman and Leopold, 1957).
Catchment – Watershed draining to the upstream end of the project reach.
Condition – The relative ability of an aquatic resource to support and maintain a community of
organisms having a species composition, diversity, and functional organization
comparable to reference aquatic resources in the region (33 CFR 332.2).
Debit calculator workbook – The Microsoft-Excel workbook file used to evaluate change in
condition at impact sites.
Field value – A field measurement or calculation input into the SQT for a specific metric. Units
vary based on the metric or measurement method used.
Functions – The physical, chemical, and biological processes that occur in ecosystems (33 CFR
332.2).
Functional capacity – The degree to which an area of aquatic resource performs a specific
function (33 CFR 332.2).
Functional lift – The difference in the condition or functional feet before and after restoration or a
permitted impact which results in improved function.
Functional loss – The difference in the condition or functional feet before and after restoration or
a permitted impact which results in less function.
Function-based parameter – A structural measure which characterizes a condition at a point in
time, or a process (expressed as a rate) that describes and supports the functional
statement of each functional category (Harman et al., 2012).
Functional category – The organizational levels of the stream quantification tool: Reach
Hydrology and Hydraulics, Geomorphology, Physicochemical, and Biology. Each
category is defined by a functional statement (Harman et al., 2012).
Geomorphic pools – Large pools that remain intact over many years and flow conditions and are
associated with planform features. Examples include pools associated with the outside
of a meander bend (i.e., streams in alluvial valleys) and downstream of a large cascade
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or step (i.e., streams in colluvial valleys). Geomorphic pools are a special sub-set of
significant pools.
Index values – Dimensionless values between 0.00 and 1.00 that express the relative condition.
Measurement method – A specific tool, equation or assessment method used to inform a metric.
Metric – A specific tool, equation, measured value or assessment method used to evaluate the
condition of a structural measure or function-based parameter. Some metrics can be
derived from multiple measurement methods.
Rapid method – Collection of office and field techniques specific to the SQT for collecting
quantitative data to inform functional lift and loss calculations. Rapid methods, if
available, are described in Appendix A.
Project area – The geographic extent of a project. This area may include multiple project
reaches, where there are variations in stream physical characteristics and/or differences
in project designs within the project area.
Project reach – A homogeneous stream reach within the project area, i.e., a stream segment
with similar valley morphology, stream type (Rosgen, 1996), stability condition, riparian
vegetation type, and bed material composition. Multiple project reaches may exist in a
project area where there are variations in stream physical characteristics and/or
differences in project designs.
Representative sub-reach – A length of stream within a project reach that is selected for field
data collection of parameters and metrics. The length of the representative sub-reach is
typically 20 times the bankfull width or two meander wavelengths (Leopold, 1994).
Restoration potential – Restoration potential is the highest level of restoration that can be
achieved based on an assessment of the contributing catchment, reach-scale
constraints, and the results of the reach-scale function-based assessment (Harman et
al., 2012).
Riffle – Riffles are shallow, steep-gradient channel segments typically located between pools.
Riffles are the river’s natural grade control feature (Knighton, 1998) and are sometimes
referred to as fast-water channel units (Hawkins et al., 1993; Montgomery and
Buffington, 1998). For purposes of the SQT, in meandering streams riffles broadly
represent the section between lateral-scour pools known as a crossover, regardless of
bed material size. The term riffle also refers to ripples in sand bed streams and the
cascade section of steep mountain streams. Riffles are measured from head of riffle to
head of pool; thus, runs are considered riffles and glides are considered pools.
Riparian buffer – The land alongside fluvial systems that influences, and is influenced by, the
river and associated processes.
Significant pools – Pools associated with wood, boulders, convergence, and backwater. These
pools have a width that is at least one-half the channel bottom width, a concave profile,
and a water surface slope that is flatter than the riffle.
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Stream Functions Pyramid Framework (SFPF) – The Stream Functions Pyramid (Pyramid) is
comprised of five functional categories stratified based on the premise that lower-level
functions (hydrology, hydraulics, geomorphology) support higher-level functions
(physicochemical and biology) and that they are all influenced by local geology and
climate. The SFPF includes the organization of function-based parameters, metrics (or
measurement methods), and reference standards (performance standards) to assess
the functional categories of the Pyramid (Harman et al., 2012).
Stream restoration – The manipulation of the physical, chemical, or biological characteristics of
a site with the goal of returning natural/historic functions to a former or degraded aquatic
resource (33 CFR 332.2). The term is used more broadly in this document to represent
stream compensatory mitigation methods including establishment, re-habilitation, reestablishment, and enhancement as defined in the 2008 Compensatory Mitigation for
Losses to Aquatic Resources: Final Rule (2008 Rule).
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1.

Introduction

The purpose of this document is to provide instruction on how to collect and analyze data for
input into the Michigan Stream Quantification Tool (MiSQT or SQT).
This Data Collection and Analysis Manual supports
and compliments the Michigan Stream
Quantification Tool Spreadsheet User Manual
(Spreadsheet User Manual) and does not provide
guidance on using the SQT or the supporting
rationale for developing reference standards. For
background, purpose, and instructions for using the
SQT, see the Spreadsheet User Manual.

SQT Manual Guide
1. Spreadsheet User Manual – Rules
and procedures for using the
MiSQT.
2. Data Collection and Analysis
Manual [this document] – Provides
instruction on how to collect and
analyze data input for the MiSQT.

Few measurements are unique to the SQT and
procedures are often described in other instruction
manuals or literature. Where appropriate, this
document will reference other data collection
manuals and make clear any differences in data collection or calculation methods needed for
the SQT.

The SQT requires a multi-disciplinary team of professionals who collectively have the
academic background and practical training in each assessment method. Required experience
and expertise includes the following disciplines: ecology, aquatic biology, plant biology,
hydrology, and geomorphology. Multi-disciplinary teams of at least two people with a
combination of these skill sets are necessary to ensure consistent and accurate data
collection and analyses.

1
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2.

Catchment Assessment and Stressors

While stream restoration is often performed on a reach scale, the restoration of a reach is
affected by the upstream and sometimes downstream catchment condition. The MiSQT
includes a Catchment Assessment worksheet that is used to identify stressors, which occur at
the catchment-scale and can limit restoration potential. It is determined primarily by assessing
the catchment draining to the project area. The Hydrologic Studies Unit will provide drainage
area determinations.1 The data collected in the Catchment Assessment will be similar or
identical for separate reaches that are on the same stream.
The purpose of the assessment is to help
Catchment Assessment Highlights
practitioners identify anthropogenic stressors
• The purpose of the catchment
that may have altered the underlying stream
assessment is to assist in determining
processes, including hydrologic, sediment
restoration potential.
transport, chemical and biological
•
The catchment assessment does not
processes, and to understand how these
pertain to stressors within the project
stressors could limit the success of
reach that will be treated as part of a
restoration activities. It is often the case
restoration activity.
that stressors cannot be changed as part of
• The catchment assessment evaluates
a reach-scale project; thus, they are beyond
conditions upstream and sometimes
the practitioner’s control. The assessment
downstream of the project reach.
primarily includes an investigation upstream
of the project reach; however, some metrics
like impoundment locations are also investigated downstream.
There are 12 defined categories with space for an additional user-defined category. The
catchment assessment requires digital data available from various online or local resources and
some site data that can be obtained through windshield surveys or site walks. Footnotes provide
links to online data resources. For each category, there are three choices to describe the
catchment condition: good, fair, or poor. Instructions necessary to assess each category are
provided below. Data to support each selection should be documented.
1. Concentrated Flow
Concentrated flow points upstream of the project reach contribute sediment and pollutants that
may limit the project’s restoration potential. Concentrated flow points are defined as storm
drains or erosional features, such as swales, gullies, or other channels that are created by
anthropogenic impacts (Figure 1). Natural ephemeral tributaries and outlets of stormwater best
management practices (BMPs) are not considered concentrated flow points.
Catchment assessment ratings: A good quality catchment has no untreated concentrated flow to
the channel upstream of the reach or adjacent land uses. A poor quality catchment has
concentrated flow entering the project reach from upstream without treatment. A fair condition
has potential for concentrated flow, but existing measures (e.g., BMPs) are in place to attenuate
negative effects in the receiving waters.

1

Requests can be made at www.mi.gov/hydrology
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Field/Desktop procedure: Concentrated flow points can be identified through aerial photo
analysis, windshield surveys, or field reconnaissance. The potential for concentrated flow can
be identified using topographic data, such as a digital elevation model (DEM), and/or a review of
adjacent land uses. However, this assessment should be field verified as the topographic data
may be outdated or too coarse to delineate concentrated flow points and stormwater drainage
networks may have treatments in place to mitigate pollution.

Figure 1. Examples of concentrated flow points: an agricultural ditch (left) and a storm drain
(right).
2. Impervious Cover
Runoff from impervious surfaces arrives at a stream channel faster and with lower water quality
than runoff from undeveloped ground. While stormwater BMPs can help reduce pollutant loads
from urban runoff, the percent of impervious cover in a catchment has been found to be
indicative of stream health (Schueler et al., 2009). Therefore, this category can provide insight
into the quality of water entering a restoration reach. A poor or fair catchment condition in this
category would indicate that physiochemical or biological restoration would be difficult or
impossible unless a large percent of the catchment is being restored or BMPs are prevalent in
the catchment and reduce the impact of the impervious cover on the project reach.
Catchment assessment ratings: When impervious cover makes up more than 25% of the
drainage area, the catchment condition is considered poor. Where impervious cover makes up
less than 10% of the drainage area, the catchment condition is considered good (Schueler et
al., 2009).
Field/Desktop procedure: An estimate of percent impervious cover can be obtained from the
National Land Cover Dataset (NLCD).2 For smaller catchments, it is possible to delineate
impervious surfaces using recent aerial imagery, which provides a more accurate estimate than
the NLCD.

2

https://www.mrlc.gov/
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3. Land Use Change
Land use is temporally variable and catchments that are currently in good or fair condition can
degrade quickly with development. Active construction within a catchment can cause excessive
erosion and sediment supply. Urban and residential development can drastically change the
hydrology and quality of water coming into the project reach.
Catchment assessment ratings: A catchment in good condition based on land use change
consists of rural, or otherwise slow growth potential, communities. Catchments evaluated as
poor in this category, such as urban or urbanizing communities, have ongoing development or
imminent large-scale development.
Desktop procedure: Trends in land use can be determined through examining aerial imagery
from the last 20 years (Google Earth or other imagery source) or by examining the NLCD
trends. Zoning designations and development plans can also be obtained from local
governments and assessed for the project catchment.
4. Distance to Roads
The presence of roads adjacent to or crossing a restoration reach is a design constraint that
often limits the design and restoration potential of the project. Road embankments alter
hydraulics while roads themselves can directly connect impervious surfaces to the stream
channel.
Catchment assessment ratings: A project reach sharing its valley with a road, or that includes a
road crossing in or near the project reach, is evaluated as poor condition. Permittee responsible
mitigation that is occurring due to road construction in the stream’s valley would indicate a poor
condition, limiting restoration potential in the project reach. Planned or existing major roads in
the catchment that are not directly connected to the project reach would indicate a fair
catchment condition in this category. A catchment without any roadway impacts (crossings or
roads adjacent to the stream), and with low likelihood of future development is in good
condition.
Field/Desktop procedure: The presence of roads near the project site can be determined in the
field or using available aerial imagery and/or Geographic Information System (GIS) data. GIS
data are available from Michigan Department of Transportation (MDOT) and county government
websites. The State Transportation Improvement Program (STIP) and 5-year plan are available
from MDOT to determine what projects are expected to receive funding.3
5. Percent Forested
Forested land has a lower runoff potential than developed land. The processes that prevent or
lower runoff include interception, surface retention, plant uptake, flow resistance caused by
vegetation, and higher rates of soil infiltration. Forested ecosystems also provide more
groundwater contributions to stream channels than their urban counterparts. The lack of
forested land cover can limit physicochemical and biology restoration potential as less forest
cover indicates lower water quality draining to the project reach.

3

https://www.michigan.gov/mdot/0,4616,7-151-9621_14807---,00.html
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Catchment assessment ratings: Catchment areas that are 70% or more forested are in good
condition. Catchments that consist of 20% or less forested land are in poor condition. A
catchment is in fair condition if the land use is between 20 and 70% forested.
Field/Desktop procedure: The forested percent of the catchment can be derived from the NLCD
(NLCD, 2016). For smaller catchments, it is possible to delineate forested areas using recent
aerial imagery.
6. Flashiness Index
Stream flashiness is the rate of change on the rising limb of a hydrograph. Streams whose
discharge or water level increases rapidly in response to a rain event are considered flashier
than those that maintain a steady flow level or discharge following a rain event. In Michigan
streams, changing land uses can lead to increased flashiness causing stream instability and
detrimental impacts to aquatic organisms (Fongers et. al., 2012). Flashiness can also be
impacted by hydrologic alterations (e.g., groundwater withdrawals).
Flashiness can only be assessed when the project reach is in the vicinity of a stream gage. For
example, streams experiencing flashy flows at one gage location may become stable
downstream due to attenuation of flashy flows by tributary discharges downstream of the gage.
Catchment assessment ratings: Catchment assessment ratings are based on comparing the
Richards-Baker Flashiness Index (RBI; Baker et al., 2004) to statistics from the Table 1
(Fongers et. al., 2012) for the appropriate drainage area (measured in square miles). An RBI
that is ≥ 0.25th percentile value and ≤75th percentile value is rated as good condition. An RBI
that is < 25th percentile value or >75th percentile value is rated as poor condition. An RBI that is
either declining over time and approaching the 25th percentile value or increasing over time and
approaching the 75th percentile value is rated as fair condition.
Table 1. Summary of RBI Analysis Statistics from Fongers et. al. (2012)
MI DEQ Analysis for
Michigan
Number of Gages
25th Percentile
Median/ 50th Percentile
75th Percentile

0-30
49
0.156
0.294
0.489

30-100
80
0.101
0.173
0.289

Drainage Area (sq.mi.)
100-300
300-1000
75
65
0.076
0.067
0.104
0.105
0.172
0.149

1000+
39
0.060
0.077
0.100

Field/Desktop procedure: The Richards-Baker Flashiness Index (RBI; Baker et al., 2004) is
available for most gaged streams in Michigan in “Application of the Richards-Baker Flashiness
Index to Gaged Michigan Rivers and Streams” (Fongers et. al., 2012). This value should be
evaluated using the statistics in Table 1 for the appropriate drainage area. Trend analysis of the
RBI is also included in this report and can be used to support the determination of a fair
condition. If the period of record at a particular gage is too short for trend assessment (< 5 years
of data), only the good and poor categories can be used.
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7. Riparian Vegetation
Riparian vegetation protects the stream channel from erosive runoff velocities and provides
physicochemical benefits to surface runoff and groundwater contributions to stream channels.
Wider riparian corridors provide more nutrient and pollutant removal benefits, but the
relationship between width and benefit is not linear (Mayer et al., 2005). Riparian corridors
estimated as more than 25-feet wide provide stream stability to the stream channel.
Catchment assessment ratings: Catchments in good condition will have more than 80% of the
channel and tributary length upstream of the project reach with streamside vegetation that is
more than 25-feet wide on average. Catchments in poor condition will have 50% or less of the
channel and tributary length upstream of the project reach with streamside vegetation that is
more than 25-feet wide on average.
Field/Desktop procedure: The prevalence of riparian vegetation on streams draining to the
project reach can be determined using recent aerial imagery and/or by driving around the
catchment and performing a windshield survey.
8. Sediment Supply
High sediment loads from upstream bank erosion or from the movement of sediment stored in
the bed creates a challenging design problem. If the design does not adequately address the
sediment load, the restoration project could aggrade.
Catchment assessment ratings: If multiple, large sources of potentially mobile sediment are
identified, then there is a high sediment supply and the catchment condition is poor. If there are
only a few small sources of sediment, then the catchment condition is good.
Field/Desktop procedure: Users should review recent aerial imagery of the catchment and walk
as much of the upstream channel as possible looking for bank erosion, mid-channel bars, lateral
bars and other sources of sediment that can be mobilized (See Figure 2).
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Figure 2. Alternating point bars indicate sediment storage in the channel that can be mobilized
during high flows. Sediment is also being supplied to the channel from bank erosion.
There are also simple tools available to estimate the sediment load that may come from
surrounding land use such as the Spreadsheet Tool for Estimating Pollutant Loads (STEPL). 4
The potential sediment supply could also be determined using the Watershed Assessment of
River Stability and Sediment Supply (WARSSS) if this data will be required elsewhere in the
project. WARSSS is an intensive level of effort that is not necessary for this catchment
assessment. Another, less intensive option, is the Rapid Evaluation of Sediment Budgets (Reid
and Dunne, 1996).
9. Michigan Integrated Report 305(b) and 303(d) designated use support status
Impaired waters are those which have exceeded water quality standards for their designated
use and require a Total Maximum Daily Load (TMDL) allocation to bring the water body into
compliance. EGLE produces a biennial report with a list of 303(d) impaired waterbodies. For
stream restoration projects, the designated uses of fishery (coldwater or warmwater) and other
indigenous aquatic life and wildlife are most likely to limit restoration potential. Note that listed
impairments due to atmospheric deposition should not result in a fair or poor rating for this
category. For example, there are statewide TMDLs for mercury and PCBs and where
assessment has shown that these contaminants are atmospheric in source (as opposed to
locally controllable source), they would not limit restoration potential.
Catchment assessment ratings: A poor or fair catchment condition in this category would
indicate that a restoration potential of physicochemical and biology would be difficult or
impossible unless a large percent of the catchment is being restored. Most stream restoration
projects do not restore a sufficient portion of the stream or catchment to overcome poor water
quality.

4

Current version of STEPL 4.4 from March 2018, available through EPA:
https://www.epa.gov/nps/spreadsheet-tool-estimating-pollutant-loads-stepl#doc
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Field/desktop procedure: A listing of Michigan streams and their 305(b) and 303(d) designated
use support status can be found in the most recent “Water Quality and Pollution Control in
Michigan Section 303(d), 305(b), and 314 Integrated Report”. This document, as well as, water
quality monitoring plans, monitoring data, and TMDLs are available from EGLE.5 For a mapbased search, the U.S. Environmental Protection Agency (EPA) hosts an interactive website
entitled “How’s My Waterway?” that includes data from the Michigan Integrated Report.6
10. Agricultural Land Use
Runoff from agricultural lands often carries fecal bacteria, pesticides, excess sediment, and
excess nutrients. The presence of pasture or crop land along stream banks, especially when
there is little or no riparian buffer, can degrade water quality sufficiently to limit restoration
potential of a stream restoration project (Figure 3).
Catchment assessment ratings: A catchment in good condition will have little to no agricultural
land uses or wide buffers that separate agricultural land from receiving waters. A catchment in
fair condition will have agricultural land uses adjacent to the stream channel but sufficiently
upstream of the project that the associated impacts are attenuated in the project reach. In areas
where there is cattle access or cropland immediately upstream of the project reach, the
catchment condition is poor and the restoration potential is limited.
Field/desktop procedure: The prevalence, proximity, and connectivity of agricultural land uses to
the project area can be determined from onsite investigations, windshield surveys, and
examining aerial imagery. The prevalence of agricultural lands throughout the catchment can be
determined using recent aerial imagery or the most recent NLCD.

5
6

www.mi.gov/waterquality
https://mywaterway.epa.gov/aquatic-life
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Figure 3. Cropland immediately adjacent to stream channel and without a sufficient vegetated
buffer.
11. Inline Watershed Impoundments
Inline watershed impoundments are structures that can negatively impact aquatic connectivity,
stream hydrology, sediment transport, and water quality. For example, the presence of a dam
downstream of the project would make a goal of increasing fish biomass in the project reach
difficult without sufficient fish passage over the dam. A dam upstream of the project may allow
organism recruitment from downstream; however, it may still limit connectivity, impact stream
hydrology, and impede delivery of sediment and organic material to the project reach.
Catchment assessment ratings: Catchments in good condition have no impoundments
upstream or downstream of the project area, including in-line farm ponds. A catchment in good
condition has no unnatural in-line impoundments. The presence of natural impoundments, such
as beaver dams, would mean the catchment condition is either good or fair, depending on the
goals of the restoration project and whether the natural impoundments could limit the attainment
of project goals. A catchment that contains an impoundment that has a negative effect on the
project area (impacting hydrology, sediment supply, fish passage, etc.) is in poor condition.
Impoundments that have the potential to have beneficial, such as species-specific barriers,
would mean the catchment is either fair or poor depending again on whether the effects of the
impoundment limit goals of the restoration project.
Field/desktop procedure: The location of dams or other impoundments near the stream reach
can be determined through field walks, recent aerial imagery, or by performing a windshield
survey. An interactive map of state regulated dams in Michigan is available online.7
12. Organism Recruitment
Aquatic organisms rely on a variety of channel substrate sizes and characteristics to survive and
reproduce. Impaired channel substrates, and other factors that limit the presence of aquatic
7

www.mi.gov/damsafety
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organisms surrounding the project reach, can negatively impact macroinvertebrate community
recruitment and the ability of fish to spawn. Recruitment and colonization of aquatic organisms
within stream reaches is affected by the presence of desired communities in proximity to the
project site (Blakely et al., 2006; Hughes, 2007; Lake et al., 2007; Sundermann et al., 2011;
Tonkin et al., 2014). Impairments to the channel, such as hardened substrates, excessive
sedimentation, culverts, or piping, may prevent macroinvertebrate communities from inhabiting
a stream reach and an extended length of channel impairment may reduce the possibility of
organism recruitment. The most important source of recolonization of benthic insects is drift
from upstream. If upstream reaches or tributaries are hardened, recolonization of restored
reaches will take much longer. Emphasis needs to be given to the quality of upstream reaches
for organism recruitment. This category may not limit the future restoration potential, because
benthic insects can recolonize via adult egg deposition from nearby catchments if drift from
upstream reaches is unlikely. However, this kind of recruitment process may take much longer.
Catchment assessment ratings: If there are substantial channel impairments preventing
desirable taxa immediately upstream or downstream of the project reach (e.g., within 1 km)
catchment is in poor condition. If the channel substrate immediately upstream or downstream of
the project reach is impaired, but some adjacent stream reaches support desirable aquatic
communities, then the catchment is in fair condition. Impairment can include excessive
deposition of fine sediments, hardened or armored channels (e.g., concrete channels or grouted
riffles), culverts or piped channels or other similar modifications to the channel substrate.
Field procedure: This category can be assessed by walking the stream reaches immediately
upstream and downstream of the project reach to determine if there are any impairments to
organism recruitment including concrete, piped or hardened stretches of channel or excessive
deposition of fine sediments.
13. Other
This option is provided for the user to identify and document any stressor observed in the
catchment that is not listed above but could limit the restoration potential or impair the
functioning of the project reach.
For example, there are many impaired waters that do not make the 303(d) list. The rest of the
categories in this catchment assessment will assist in identifying possible impairments for
waters that are not listed. If recent water quality data have been collected for the project reach,
it can be used to inform this category in the catchment assessment, allowing the user to explain
how the measured values will limit the restoration of the project.
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3.

Getting Started

The SQT requires a multi-disciplinary team of professionals who collectively have the
academic background and practical training in each assessment method. Required experience
and expertise includes the following disciplines: ecology, aquatic biology, plant biology,
hydrology, and geomorphology. Multi-disciplinary teams of at least two people with a
combination of these skill sets are necessary to ensure consistent and accurate data
collection and analyses. Field trainings in specific field methods and the Stream Functions
Pyramid Framework are recommended.
Prior to field data collection, several steps will inform how data will be collected:
•

Delineate reaches and sub-reaches.

•

Select the appropriate function-based parameters and metrics.

•

Determine if the field survey methods will be rapid or detailed.

•

Review available regional curves and local data for bankfull verification.

Steps are described in more detail below except for parameter and metric selection, which is
discussed in the Spreadsheet User Manual. Reach segmentation also begins as a desktop
exercise and is described briefly in the Spreadsheet User Manual.

3.1.

Reach Segmentation

The SQT is a reach-based assessment methodology, and each reach is evaluated separately. A
large project may be subdivided into multiple reaches (each requiring its own SQT workbook),
as stream condition or character can vary widely from the upstream end of a project to the
downstream end (see Example 1). For each project reach, required metrics assess the
floodplain width, riparian area, and runoff from adjacent land in addition to metrics that assess
in-channel conditions (see Figure 4 and lateral drainage area definition in Section 4.1).
Delineating stream reaches within a project area occurs in two steps.
1. The first step is to identify whether there should be multiple reaches within the project
area based on differences in stream physical characteristics and differences in project
designs.
2. The second step assists in identification of the appropriate sub-reach lengths to meet
metric assessment requirements.
The process to delineate a reach is described first, followed by specific guidance on selecting
sub-reaches by parameter.
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Figure 4. Reach-scale SQT assessment includes measurements within the stream channel,
riparian area, floodplain, and the catchment.
The user should determine whether their project area encompasses a single homogeneous
reach, or multiple potential reaches. A reach is defined as a stream segment with similar
processes and morphology, including characteristics such as such stream type (Rosgen, 1996),
stability condition, riparian vegetation type, and bed material composition. Reaches within a
project site may vary in length depending on the variability of the physical stream characteristics
within the project area (see Example 1).
Practitioners can use aerial imagery, the National Hydrography Dataset (NHD)8, and other
desktop tools to preliminarily determine reach breaks; these delineations should be verified in
the field.
Specific guidance is provided below to assist in making consistent reach identifications:

8

•

Separate streams, e.g., tributaries vs. main stem, are considered separate project
reaches.

•

Depending on the size of a tributary catchment compared to the size of the project reach
catchment, a tributary confluence should lead to a reach break. In many cases, where a
tributary enters the main stem, the main stem should be split into two project reaches -

https://www.usgs.gov/core-science-systems/ngp/national-hydrography
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one upstream and one downstream of the confluence. Small tributaries, as compared to
the drainage area of the main stem channel, may not require a reach break.
•

Reach breaks should occur where there are changes to valley morphology, stream type
(Rosgen, 1996), or bed material composition.

•

Reach breaks should occur where there are diversion dams, culverts, or other structures
on the stream that create measurable differences in stream condition, with separate
reaches upstream and downstream of the structure. The diversion dam or structure
would also be its own reach.

•

Reach breaks should occur where there are distinct changes in the level of
anthropogenic modifications, such as narrowed riparian width from road embankments,
concrete lined channels, dams, or stabilization practices. For example, the impounded
length of stream on a large dam would be evaluated as a separate project reach from
the reaches immediately up and downstream of the dam. As noted above, as a
structure, the dam footprint would be its own reach as well.

•

Multiple project reaches are needed where there are differences in the magnitude of
impact or mitigation approach (e.g., enhancement vs. restoration) within the project area.
For example, restoration approaches that reconnect stream channels to their original
floodplain versus bank stabilization activities.
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•

Example 1: Project Reach Delineation

The following is an example showing how project reaches are identified based on physical
observations. Work was proposed on five streams. The main-stem channel was delineated
into five reaches, two unnamed tributaries (UT) were delineated into two reaches each, and
the remaining two UTs as individual project reaches. This project has a total of 11 project
reaches and an Excel Workbook would need to be completed for each.

Reach

Reach Break Description

Main Stem R1

Beginning of project to UT1 confluence where drainage area increases by 25%.

Main Stem R2

To UT3 confluence.

Main Stem R3

To culvert. Bed material is finer and bed form diversity is impaired below culvert.

Main Stem R4

40 feet through the culvert.

Main Stem R5

From culvert to end of project.

UT1 R1

Property boundary to the last of a series of headcuts caused by diffuse drainage
off the surrounding agricultural fields.

UT1 R2

To confluence with Main Stem. Restoration approach differs between UT1 R1
where restoration is proposed to address headcuts and this reach where
enhancement is proposed.

UT1A R1

Property boundary to edge of riparian vegetation. Reach is more impaired than
UT1A R2, restoration is proposed.

UT1A R2

To confluence with UT1. Enhancement is proposed to preserve riparian buffer.

UT2 & UT3

Beginning of project to confluences with Main Stem. Reaches are actively
downcutting and supplying sediment to the main stem.
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3.2.

Sub-Reach Determination (Parameter-Based Segmentation)

The SQT is an assessment of the stream channel, floodplain, riparian area, and lateral drainage
area, where parameters are measured at different scales: reach and sub-reach (Figure 5).
Selecting a representative sub-reach is necessary to avoid quantitatively assessing very long
stream lengths with similar physical conditions.
The representative sub-reach should be 20 times the bankfull width or two meander
wavelengths (Leopold, 1994), whichever is longer. If the entire project reach is shorter than 20
times the bankfull width, then the entire project reach should be assessed.
A project reach will only contain one representative sub-reach in which measurements for
applicable parameters and metrics will be taken. Measurements within the representative subreach should be representative of the project reach condition, refer to the specific parameters
listed in Figure 5 in selecting the sub-reach location. Where there is difficulty selecting a
representative location, reconsider whether an additional reach break is necessary.

Figure 5. Reach and sub-reach segmentation and associated parameter measurements.

3.3.

Rapid Versus Detailed Assessment Methods

Multiple metrics used to quantify hydraulic and geomorphology parameters require data from
cross-sections and longitudinal profiles. There are rapid and detailed procedures for collecting
this data. For the detailed method, a longitudinal profile consists of at least four profiles:
thalweg, water surface, bankfull, and top of low bank. Standard survey methods can be used to
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collect these data using a survey-grade GPS, laser or standard level, total station, or similar
equipment (Harrelson et al., 1994; Rosgen, 2014).
Appendix A of this manual provides a rapid alternative for taking measurements for SQT metrics
instead of surveying cross-sections and longitudinal profiles. Parameters are quantitatively
measured; however, standard surveying equipment like laser levels or a total station are not
used. Instead, tapes and stadia rods are used to take the required measurements in the field.
Keep in mind that profiles cannot be plotted using this method. Rapid assessments are
appropriate during the mitigation/restoration site selection and project approval process. Once a
site has been selected, detailed methods should be used to quantify the existing, pre-restoration
condition of the project reach. One-time only condition assessments (e.g., impact sites), or other
applications where cross-section and profile plots are not required may also use the rapid
method.
The advantage to the detailed method is that the calculations can be used to create
plots/graphs and the field value calculations can be replicated in an office setting by others. The
only way to replicate measurements from the rapid method is to repeat the field survey.
Rapid Assessments
When performed by an experienced field crew of three people, a rapid assessment
field data collection will typically take two to four hours per project reach for the following
parameters: reach runoff, floodplain connectivity, large woody debris, lateral migration,
bed form diversity, and riparian vegetation. Rapid methods specifically refer to rapid
survey methods used to collect data for floodplain connectivity and bed form diversity
parameters.

3.4.

Bankfull Verification

Bankfull (BKF) is a discharge that forms, maintains, and shapes the dimensions of the channel
as it exists under the current climatic regime. The bankfull stage or elevation represents the
break point between channel formation and floodplain processes (Wolman and Leopold, 1957).
Correctly identifying bankfull is crucial, and the user should identify and verify bankfull using
multiple lines of evidence. The primary line of evidence is always field indicators as
described in Section 3.4.1. Field indicators of bankfull should be verified using regional curves
(Section 3.4.2) and/or return interval analyses (Section 3.4.3).
Bankfull stage and bankfull dimensions are required to calculate field values for several metrics:
bank height ratio (BHR), entrenchment ratio (ER), large woody debris index (LWDI), dominant
bank erosion hazard index/near-bank stress (BEHI/NBS), pool spacing ratio, pool depth ratio,
and aggradation ratio. Additionally, the SQT uses bankfull to identify the representative subreach length.

3.4.1. Lines of Evidence – Field Indicators
Methods for identifying the bankfull stage and calculating the bankfull dimensions can be found
in Harrelson et al. (1994) and Rosgen (2014). Bankfull indicators should be identified throughout
the entire project reach (along riffles or pools) and can be surveyed using rapid or detailed
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methods (refer to Section 3.3). The rapid method instructions are provided in Appendix A.
Identifying bankfull elevation is usually straightforward in stable streams with no to moderate
incision, and recommended field indicators include:
•
•

The top of the first depositional flat above the waterline along the channel margin,
especially if freshly deposited sand is present.
The top of point bars or mid-channel bars or islands, especially towards the upstream
end of these features.

Vegetative indicators, sometimes used in the arid west, are not recommended for Michigan
streams. An exception is sedge wetland streams, where the best bankfull indicator is the lowest
elevation between adjacent sedge hummocks.
Identifying bankfull elevation in incised streams (including excavated ditches) can be quite
difficult or even impossible. The primary recommended bankfull field indicator in incised streams
with a developing floodplain is the top/back of a sloping bench or top of any mid-channel bars,
whose maximum elevation is usually well below the overall top of the stream bank.
The detailed method requires a longitudinal profile. Rosgen (2014) provides step-by-step
instructions on how to survey a longitudinal profile and compare best-fit-lines through the water
surface and bankfull points. The bankfull determination is suspect if the bankfull slope is
different from the water surface slope and/or if the best-fit line through the bankfull points has a
correlation coefficient (R2 value) of less than 0.80. If values vary by more than this, the
practitioner may be including other geomorphic features, such as an inner berm or a terrace.
In contrast to bankfull indicators (a.k.a. bankfull stage or elevation), bankfull dimensions (width,
area, etc.) should only be measured at a riffle. For bankfull verification, cross-sections must be
collected from stable riffles within the project reach. Rosgen (2014) and Harrelson et al. (1994)
provide detailed methods on how to survey cross sections, refer to Appendix A for methods to
collect cross section data using the rapid method.
Selection of stable riffles is critical; the criteria below can aid in the selection of a suitable riffle:
•

Stable width and depth, no signs of bank erosion or headcutting. The bank height ratio is
near 1.0.

•

The cross-sectional area of the bankfull channel plots within the range of scatter of data
points used to create the regional curve. More information is provided in the next
section.

•

The bankfull width/depth ratio is on the lower end of the range for the reach.

•

Note: In a highly degraded reach, a stable riffle cross section may be used from an
adjacent upstream or downstream reach. If a stable riffle meeting these criteria cannot
be found within or adjacent to the reach, then the user will survey a riffle within the reach
that contains the strongest bankfull indicator identified during the reach walk.

The surveyed dimensions from this cross-section are used to calculate bankfull cross-sectional
area, width, and mean depth. Bankfull discharge can also be calculated from the stable riffle
cross-section if channel slope and bed material samples have been collected. A variety of
single-section analyzers are available for calculating discharge using the cross-section survey,
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average slope, and bed material data. The Reference Reach Spreadsheet version 4.3
developed by Dan Mecklenburg with the Ohio Department of Natural Resources is a free, userfriendly tool that will calculate discharge, entrenchment ratio, and several other hydraulic
variables.9

3.4.2. Lines of Evidence – Regional Curves
Due to the range of climatic conditions and underlying geology, it is possible that regional
curves vary significantly throughout the state. Regional curves should only be used when they
are applicable to the project site. Ideally, practitioners will develop site-specific regional curves
representative of the project catchment (i.e., local curves). If site-specific regional curves are not
available, the user can overlay the field data with established regional curves. Best available
regional curves within Michigan are included in Appendix C. However, EGLE’s website should
be checked periodically for updates.10
Plot the cross-sectional areas from stable riffles on the bankfull regional curve. If the field data
falls within the range of scatter of the regional curve, the bankfull feature is verified. If the field
data fall outside of the range of scatter, the practitioner will need to determine if the regional
curve actually represents a different hydro-physiographic region or if the wrong indicator was
selected (e.g., an inner berm or terrace). For example, if the measured cross-sectional areas
plot below the range of scatter, the indicator could be an inner berm feature. If the measured
area plots above the range of scatter, the feature could be a terrace.

3.4.3. Lines of Evidence – Return Interval
The standard procedure for estimating flood frequency uses the log Pearson frequency analysis
as described in Bulletin 17B (Interagency Advisory Committee on Water Data, 1982). The
program PeakFQ11 implements the Bulletin 17C procedures (England et al., 2019) for floodfrequency analysis of streamflow records. The Hydrologic Studies Unit can calculate flood flows
for permit applicants.12 Applicants will need to specifically request flows for the 1.01 and the 2year return intervals as these are not automatically supplied. The common range of bankfull
return intervals is 1.01- to 2-years. If the discharge calculated from the bankfull feature in the
surveyed riffle cross-section is between the 1.01- and 2-year return interval discharges, the
feature is verified.

3.5.

Site Information and Reference Standard Stratification

The Site Information and Reference Standard Stratification section of the Stream Quantification
Tool worksheet consists of general site information and classifications to determine which
reference curves are used to calculate index values for relevant metrics. Information on each
and guidance on how to select values is described below.

9

The spreadsheet is available at https://stream-mechanics.com/resources/ under spreadsheet tools.
www.mi.gov/lakesandstreams

10
11

https://water.usgs.gov/software/PeakFQ/#:~:text=Program%20PeakFQ%20implements%20the%20Bulleti
n,range%20of%20annual%20exceedance%20probabilities.
12
Requests can be made at www.mi.gov/hydrology
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Project Name – Enter the name of the project. This cell automatically populates from the Project
Assessment worksheet.
Reach ID – Each project reach within a project area should be assigned a unique identifier (see
Section 3.1 for guidance on delineating project reaches). This cell automatically populates from
the Project Assessment worksheet.
Restoration Potential – Restoration potential should be determined for the entire reach (not the
representative sub-reach) using the stepwise process described in the Spreadsheet User
Manual. This cell is automatically populated from the Catchment Assessment worksheet.
Existing Stream Length (ft) – Project reach stream length extends from the upstream to the
downstream end of the project reach. This can be determined by surveying the profile of the
stream, stretching a tape in the field, or remotely by tracing the stream centerline pattern from
aerial imagery. Stream length is not used for reference curve stratification but is used to
calculate functional feet.
Proposed Stream Length (ft) – Project reach stream length extends from the upstream to the
downstream end of the project reach. The proposed length can be estimated from project
design documents, and later verified using as-built conditions using the approaches described in
Existing Project Reach Stream Length above. Where stream length does not change postproject, the same value can be entered for the Existing and Proposed Project Stream Length.
Stream length is used to calculate the functional feet, so both existing and proposed stream
length must be recorded.
Existing Stream Type – Select the existing Rosgen Stream Type from the drop-down menu.
Refer to Applied River Morphology (Rosgen, 1996) for definitions of Rosgen stream type
classifications and basic fluvial landscapes in which the different stream types typically occur.
These are also described in detail in Part 654 Stream Restoration Design National Engineering
Handbook (NRCS NEH, 2007). The existing stream type is not used to determine index values
or scores but is provided for communication and to inform channel evolution scenarios (refer to
Chapter 3 of the Spreadsheet User Manual).
Proposed / Reference Stream Type – Select the proposed, or reference, Rosgen Stream Type
from the drop-down menu based on the restoration potential of the project reach (refer to
Chapter 3 of the Spreadsheet User Manual). The proposed stream type is used to select the
correct reference curves for the entrenchment ratio, pool spacing ratio, and percent riffle
metrics.
Valley Type – The valley type options are unconfined alluvial, confined alluvial or colluvial/vshaped. Valley type is used to determine stream type. This input is not used in the scoring; it is
only for communication purposes.
•

Colluvial/V-shaped valleys – Valley formed by the deposition of sediment from hillslope
erosion processes. Colluvial valleys are typically confined by terraces or hillslopes and
support straighter, step-pool type channels (e.g., A, B, Bc). These valley types typically
have a valley width ratio less than 7.0 and a meander width ratio (MWR) ratio less than
3.
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•

Confined alluvial valley – Valley formed by the deposition of sediment from fluvial
processes, typically confined by terraces or hillslopes that supports transitional stream
types between step-pool and meandering or where meanders intercept hillslopes (e.g.,
C, Bc). These valley types typically have a valley width ratio less than 7.0 and a
meander width ratio (MWR) between 3 and 4.

•

Unconfined alluvial valleys – Wide, low gradient (typically less than 2% slope) valleys
that support meandering and anastomosed stream types (e.g., C, E, DA). In alluvial
valleys, rivers adjust pattern without intercepting hillslopes. These valleys typically have
a valley width ratio greater than 7.0 (Carlson, 2009) or a meander width ratio (MWR)
greater than 4.0 (Rosgen, 2014).

Drainage Area (sq.mi.) – Enter the drainage area measured in square miles as the land area
draining to the downstream end of a project reach. This input is not used in the scoring; it is only
for communication purposes. The Hydrologic Studies Unit will provide drainage area
determinations.13
Strahler Stream Order – Stream order as defined by Strahler (1957) is a classification based on
stream/tributary relationships. Headwater streams are first order; the stream is second order
downstream of confluence of two first order streams; the stream is third order downstream of
confluence of two second order streams; and so on. This input is not used in the scoring; it is
only for communication purposes.
Flow Type – Select the flow permanence of the stream as perennial, intermittent, or ephemeral.
The selection should be based on the reference/historic condition, so if the existing condition is
intermittent due to anthropogenic flow alteration and the proposed condition is perennial, the
selection should be perennial. This input is not used in the scoring; it is only for communication
purposes.
Ecoregion – Select the ecoregion in which the project reach is located from the drop-down
menu. The five EPA level III ecoregions of Michigan are depicted in Figure 6. This selection is
used to determine the correct reference curves for the nutrients parameters (measured reach
concentration of total phosphorus and STEPL or Region 5 modeled concentration).

13

Requests can be made at www.mi.gov/hydrology
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Figure 6. Level III ecoregions of Michigan.
Bed Material – Bed material represents the D50 of a reach-wide pebble count. The selection
should be based on the reference condition, so if the existing condition has sand and the
proposed/reference condition is gravel dominated, the selection should be gravel. This input is
not used in the scoring; it is only for communication purposes.
Stream Slope (%) – The stream slope is a reach average and not the slope of an individual bed
feature, e.g., a riffle. This input is not used in the scoring; it is only for communication purposes.
Stream Temperature – Select the stream temperature tier from the drop-down menu as
coldwater, cold-transitional, warm-transitional, or warm. The stream temperature tier is used to
determine the correct reference curve for the temperature metrics. The Michigan Department of
Natural Resources defines temperature tier for stream segments; temperature mapping data will
be available in the wetland mapper tool.14 Currently the data is available indirectly through the
Water Withdrawal Assessment Tool.15

14

https://www.mcgi.state.mi.us/wetlands/mcgiMap.html

15

Evaluate a proposed withdrawal at the project site and the results will provide the stream segment
temperature tier along with a link to temperature tier fact sheet.
https://www.egle.state.mi.us/wwat/(S(is1ay1nfi4dhbm00akzlpmin))/map.aspx
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Wadeable / Non-wadeable – This selection is used to determine which metric to implement for
macroinvertebrate sampling. In general, a non-wadeable river or river segment is one where
water depths frequently exceed the maximum depth that can be safely and conveniently
surveyed in chest waders thus sacrificing the ability to adequately and safely sample all
available habitats.
Reference Vegetation Community – Reference vegetation cover is used to select the
appropriate reference curves and metrics for the riparian vegetation parameter. The user should
select the reference vegetation cover as herbaceous, scrub-shrub, or forested based on the
natural or historic vegetation community. For most sites, the reference vegetation community
will be forested, notable exceptions are listed below. Historic vegetation information circa the
1800s is available online.16
•
•

Scrub-shrub communities consist of tag alder swamps (northern shrub thicket) and
sand-bar willow wetlands (southern shrub-carr) described by Kost et al. (2007).
Herbaceous communities consist of emergent wetlands.

16

https://mnfi.maps.arcgis.com/apps/StorytellingSwipe/index.html?appid=c285e9eab9774c77a36d8726474f
a408#
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4.

Function-based Assessment

4.1. Reach Runoff Parameter
Definition: The reach runoff parameter evaluates the infiltration and runoff processes of the
land that drains laterally into the stream reach. This lateral drainage area (Figure 7) is the
portion of the reach catchment that drains directly to the reach from adjacent land uses.
The reach runoff parameter consists of two metrics:
•
•

Land use coefficient
Concentrated flow points

Figure 7. Lateral Drainage Area (red) delineation example for reach runoff. Orange line
extending off figure delineates the catchment upstream of the project reach.

4.1.1. Land Use Change Coefficient
Vegetation removal and land cover change alters evapotranspiration, infiltration, interception
volumes, in addition to snowpack distribution and melting processes.
Definition: An area weighted land use coefficient serves as an indicator of runoff potential from
land uses draining into the project reach between the upstream and downstream end points.
Higher values, nearer 100, indicate more runoff potential while lower values, nearer 0, indicate
less runoff. Land use change coefficients were adapted from NRCS TR-55 (1986) methodology
and are shown in Table 2.

23

Michigan Stream Quantification Tool
Data Collection and Analysis Manual
Table 2. Land use change coefficients
Land Use
Open space (lawns, parks, golf courses, etc.)
Good condition (grass cover > 75%)
Impervious Areas
Paved streets, parking lots, roofs, driveways, etc.
Gravel
Urban Districts
Commercial (85% Impervious)
Industrial (72% Impervious)
Residential Districts
Lot size: 1/8 Acre or less
Lot size: 1/4 Acre
Lot size: 1/2 Acre
Lot size: 1 Acre or more
Row Crops
Pasture
Meadow
Woods, Includes woods-grass combination

Coefficient
61
98
85
92
88
85
75
70
68
78
61
30
30

Method: Several techniques can be employed to calculate an area-weighted land use
coefficient, including programs such as ArcGIS and ArcHydro as well as manual hand
delineations and calculations.
1. Delineate the lateral drainage area adjacent to the project reach and calculate the total
lateral drainage area (see Figure 8).
2. Using recent aerial imagery or the NLCD delineate the different land use types within the
lateral drainage area.
3. Using ArcGIS, calculate the area occupied by each land use listed in Table 2.
4. Assign each area a land use coefficient and document any assumptions.
5. Calculate an area-weighted land use coefficient. For each land use type, multiply the land
use coefficient by the area of that land use type; sum all products and divide by the total
lateral drainage area (see equation below).
𝐹𝑖𝑒𝑙𝑑 𝑉𝑎𝑙𝑢𝑒 =

∑(𝐴𝑟𝑒𝑎𝑖 ∗ 𝐿𝑎𝑛𝑑 𝑈𝑠𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑖 )
𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙

Estimating proposed condition field values: Proposed field values for the land use
coefficient can be calculated based on anticipated areas of land use change in the lateral
drainage area associated with the proposed project. Stream restoration projects typically
improve land use coefficient by converting land uses within the project area to natural land
cover and planting a native riparian vegetation community. Development can negatively impact
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reach runoff adjacent to the project area by removing native vegetation communities or by
increasing developed land use area.

4.1.2. Concentrated Flow Points
Anthropogenic impacts can lead to concentrated flows that accelerate storm runoff routing and
erode soils, transporting sediment into receiving stream channels. Anthropogenic causes of
concentrated flow may include agricultural drainage ditches, impervious surfaces, storm drains,
and others (see Figure 8).

Figure 8. Example of an agricultural ditch concentrated flow point.
Definition: Concentrated flow points are defined as storm drains or erosional features, such as
swales, gullies, or other channels, that are created by anthropogenic impacts. Natural
ephemeral tributaries and outlets of stormwater best management practices (BMPs) are not
considered concentrated flow points in this method.
Method: This metric assesses the number of concentrated flow points (CFP) that enter the
project reach per 1,000 linear feet of stream.
Field Value =

# 𝐶𝐹𝑃𝑠
𝑅𝑒𝑎𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ (𝑓𝑡)

∗ 1000 𝑓𝑡

1. Review terrain and aerial imagery of the lateral drainage area to help identify natural
drainages before going in the field.
2. Walk the entire project reach, including both sides of the stream channel, noting every
observed concentrated flow points.
3. Normalize the number counted using the equation above.
Estimating proposed condition field values: Proposed field values for this metric can be
calculated based on anticipated changes to concentrated flow points in the project area and
associated with the proposed project. Stream restoration projects can reduce concentrated flow
entering the channel by dispersing flow in the floodplain and increasing ground cover near the
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channel. Combining multiple concentrated flow points into a single concentrated flow
point is not considered an improvement. The restoration activity should diffuse or capture the
runoff. Example activities include filling ditches, removing pipes, routing concentrated flow into
created oxbow ponds, and stormwater BMPs. If a BMP is installed, the outlet is not considered
a concentrated flow point.
Development can negatively impact stream channels by adding concentrated flow points such
as stormwater outfalls or additional erosional or runoff features. Proposed grading and
stormwater management plans for development should be consulted to determine whether, and
how many, concentrated flow points are likely to result from changes to adjacent land use
associated with the proposed development.

4.2. Floodplain Connectivity Parameter
Definition: The floodplain is the area adjacent to the channel that is inundated during flow
events greater than the bankfull discharge. This parameter includes metrics which evaluate
whether flows can access the floodplain and the extent of the flood-prone width. These two
metrics are:
•

Bank height ratio (BHR)

•

Entrenchment ratio (ER)

4.2.1. Bank Height Ratio (BHR)
Definition: BHR is measured in a riffle and calculated as the low bank height divided by the
maximum bankfull riffle depth (Dmax). The low bank height is defined as the left or right stream
bank that has a lower elevation, indicating the minimum water depth necessary to inundate the
floodplain.

𝐵𝐻𝑅 =

𝐿𝑜𝑤 𝑏𝑎𝑛𝑘 ℎ𝑒𝑖𝑔ℎ𝑡
𝐵𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑝𝑡ℎ

BHR is a measure of channel incision and an indicator of whether flood flows can access and
inundate the floodplain (Rosgen, 2014). The field value in the SQT is a weighted average from
the representative sub-reach.
Method: At every riffle within the representative sub-reach:
1. Measure the length of the riffle. For purposes of the SQT, riffles broadly represent the
section between lateral-scour pools known as a crossover, regardless of bed material
size (refer to glossary).
2. Identify the bankfull elevation and top of low bank features. Use the bankfull verification
process to help identify the bankfull feature. If a physical indicator that has been verified
is present, use that feature. For top of low bank, use the break between the channel and
a floodplain or terrace that has a lower elevation. Further instruction for incised channels
is provided in this section.
3. At the approximate mid-point of the riffle, record the low bank elevation and the thalweg
elevation and calculate the low bank height. Make sure the approximate mid-point has a
BHR that is representative of the entire riffle length. Note, when the top of low bank and
the bankfull feature are the same, the BHR equals 1.0.
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4. Record the bankfull elevation and the thalweg elevation, calculate the bankfull maximum
depth.
5. Calculate the BHR for that riffle.
6. Using the BHR and riffle length for every riffle feature within the representative subreach, calculate the weighted BHR using the equation below (also see Example 3). The
weighted BHR should then be entered in the SQT.

𝐵𝐻𝑅𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑

∑𝑛𝑖=1(𝐵𝐻𝑅𝑖 ∗ 𝑅𝐿𝑖 )
=
∑𝑛𝑖=1 𝑅𝐿𝑖

Where, RLi is the length of the riffle where BHRi was measured.
Example 3: Weighted BHR calculation in an assessment segment with four riffles

Riffle ID
R1
R2
R3
R4
Total

Length (RL)
BHR
25
1.0
200
1.5
75
1.4
40
1.2
340 ft
Total
Weighted BHR = 466/340 = 1.4

BHR * RL
25
300
105
36
466

In incised channels with a bankfull bench, determining when bankfull and the top of bank are
equal to each other can be challenging. There are two common scenarios described below:
Scenario 1: Use the bankfull verification process to help identify the bankfull feature. If bankfull
is identified as the back of the bench, then the top of the low bank is the lower elevation of the
left and right top of bank, i.e., a terrace (Figure 9).
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Figure 9. Low bank identification in an incised stream scenario 1, where bankfull and top of low
bank are not equal.
Scenario 2: Use the bankfull verification process to help identify the bankfull feature. If bankfull
elevation is identified as the front of the bench, then the width of that bench must be measured
before the top of low bank can be determined. The bench width includes the left and right bench
plus the bankfull channel width (Figure 10).
Scenario 2 addressed a common
Specific criteria include:
question from the field, in a
repeatable way.
• For C or E proposed/reference stream types, if
the total width (left bench + bankfull channel +
“How big does a bench need to
right bench) is greater than 2.2 times the channel
be before it is the low bank?”
width, then the top of low bank is equal to
bankfull.
•

For B proposed/reference stream types, if the total width (left bench + bankfull channel +
right bench) is greater than 1.4 times than the channel width, then the top of low bank is
equal to bankfull.

•

If values are lower than or equal to the 2.2 for C/E proposed/reference stream types and
1.4 for B proposed/reference stream types, then the top of the low bank is the top of the
left or right bank which break onto the terrace (Figure 10).
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Figure 10. Low bank identification in an incised stream scenario 2, where top of low bank must
be determined via calculations.
Estimating proposed condition field values: The proposed condition field value for BHR
should be based on the proposed riffle length and proposed channel cross-section for every
riffle in a representative sub-reach of the proposed channel. Calculations should take into
account any proposed activities that may alter the cross-section or longitudinal profile, including
floodplain excavation and construction of berms or levees.

4.2.2. Entrenchment Ratio (ER)
Definition: ER characterizes the vertical containment of the river by evaluating the ratio of the
flood-prone width to the bankfull width measured at a riffle cross-section (Rosgen, 1996). This
metric is described in depth by Rosgen (2014). The flood-prone width is the cross-section width
at a riffle feature perpendicular to the valley at an elevation of two times the bankfull max
depth at that riffle.

𝐸𝑅 =

𝐹𝑙𝑜𝑜𝑑 − 𝑃𝑟𝑜𝑛𝑒 𝑊𝑖𝑑𝑡ℎ
𝐵𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑊𝑖𝑑𝑡ℎ

Method: The ER should be measured at the midpoint of the riffle, i.e. halfway between the head
of the riffle and the head of the pool. Unlike the BHR, the ER does not necessarily have to be
measured at every riffle, as long as the flood-prone width is consistent (as verified using
topographic data). Where flood-prone widths are consistent within a project reach, one
measurement from within the representative sub-reach is sufficient to characterize this metric.
For valleys that have a variable width or for channels that have BHR’s near or equal to 2.0, it is
recommended that the ER be measured at each riffle and to calculate the weighted ER. Using
this data set, a weighted ER is calculated as follows:
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𝐸𝑅𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑

∑𝑛𝑖=1(𝐸𝑅𝑖 ∗ 𝑅𝐿𝑖 )
=
∑𝑛𝑖=1 𝑅𝐿𝑖

Where, 𝑅𝐿𝑖 is the length of the riffle where 𝐸𝑅𝑖 was measured. Refer to Example 4 for an
example of the weighted entrenchment ratio calculation.
Example 4: Weighted ER Calculation in an assessment segment with four riffles

Riffle ID
R1
R2
R3
R4
Total

Length (RL)
ER
25
1.2
200
2.1
50
1.6
30
1.8
305 ft
Total
Weighted ER = 584/305 = 1.9

ER * RL
30
420
80
54
584

Estimating proposed condition field values: The proposed condition field value for ER will be
based on the proposed channel cross-section in a representative sub-reach of the proposed
channel. Calculations should take into account any proposed activities that may alter the crosssection, including floodplain excavation, raising the streambed elevation, and construction of
berms or levees.

4.3. Large Woody Debris Parameter
Definition: LWD is defined as dead and fallen wood over 3.28 feet (1m) in length and at least
3.9 inches (10 cm) in diameter at the largest end. The wood must be within the channel or
touching the top of bank to be counted (i.e., between or touching the top of banks). LWD that
lies in the floodplain but is not at least partially in the active channel is not counted.
There is one metric used to assess large woody debris (LWD): LWD Index

4.3.1. Large Woody Debris Index (LWDI)
Definition: LWDI is a dimensionless value based on rating the geomorphic significance of LWD
pieces and dams within a 328-foot (100-meter) section of stream. This index was developed by
the USDA Forest Service Rocky Mountain Research Station (Davis et al. 2001).
Method: Identify a 328-ft (100-meter) segment of the sub-reach that contains the most LWD. If
the project reach is less than 328 feet, the LWDI should be determined within the entire reach
length and the index value normalized to represent a value per 328 feet.
Follow the guidance within Davis et al. (2001) and the Application of the Large Woody Debris
Index: A Field User Manual Version 1 (Harman et al., 2017) to score LWD pieces and dams and
calculate the reach LWDI. The LWDI is entered as the field value in the SQT.
Estimating proposed condition field values: The proposed condition field value is based on
the proposed amount and anticipated recruitment (within the monitoring period) of LWD in the
proposed reach. See Harman et al. (2017) for examples of structures using LWD and how they
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score. The proposed value should consider the removal of any existing LWD or installation of
new LWD that would occur during project construction. Care should be taken to not
overestimate the amount of wood that can be sustainable in a restoration/mitigation project.
LWD placed in a newly constructed channel devoid of riparian vegetation may experience
considerable lateral adjustments and may or may develop the stability necessary to
accommodate large amounts of LWD during monitoring years.

4.4. Lateral Migration Parameter
Definition: Lateral migration is the movement of a stream across its floodplain and is largely
driven by processes influencing bank erosion and deposition.
There are three metrics for this parameter:
•

Dominant bank erosion hazard index / near-bank stress

•

Percent streambank erosion

•

Percent streambank armoring

4.4.1. Dominant BEHI/NBS
Definition: The dominant BEHI/NBS is the mode, or most frequently occurring, BEHI/NBS
score for eroding banks within the representative sub-reach. The Bank erosion hazard index
(BEHI) is a method used to estimate the tendency of a given stream bank to erode. Near-bank
stress (NBS) is an estimate of shear stress exerted by flowing water on the stream banks
(Rosgen, 2014).
Method: BEHI/NBS should be evaluated throughout the representative sub-reach. Procedures
for this metric are described in Appendix D of the Function-Based Rapid Field Stream
Assessment Methodology (Starr et al., 2015), or River Stability Field Guide, Second Edition
(Rosgen, 2014). An optional field form is included in Appendix B for convenience.
1. Measure the bank length of and determine the BEHI/NBS for every outside meander
bend. The outside of the meander bend is always assessed, even when it is not eroding.
2. Measure the bank length of and determine the BEHI/NBS for any other bank that is
actively contributing sediment.
Depositional zones, such as point bars, or other areas that are not actively eroding should not
be evaluated (Rosgen, 2014). Riffle sections that are not eroding and have low potential to
erode are also excluded from the SQT BEHI/NBS survey.
Banks that are armored should not be assessed with the dominant BEHI/NBS metric.
3. Add up the length of all assessed banks in the representative sub-reach to calculate the
total assessed bank length.
4. Divide the length of each BEHI/NBS bank by the total assessed bank length (not the
total bank length) to calculate the percent of each BEHI/NBS.
5. Sum the percentages for each BEHI/NBS category, e.g., all High/High banks are added
together (see Example 5).
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6. The dominant BEHI/NBS is the category that represents the greatest cumulative bank
length; it does not need to describe over 50% of the assessed banks.
If there are two or more BEHI/NBS categories with the same total percent, the category
representing the highest level of bank erosion should be selected.
Estimating proposed condition field values: The proposed condition field value should be
based on any anticipated changes to channel bank conditions or hydraulic conditions
associated with the proposed project within the representative sub-reach of the proposed
channel. Note that for the aspects of BEHI that pertain, or could pertain, to riparian vegetation
(rooting depth, rooting density, and surface protection) these should be estimated for conditions
at the end of the monitoring period.
Example 5: Calculation of Dominant BEHI/NBS

In this example, data were collected in the field for 1100 feet of bank (including left and right
banks). However, the assessed bank length is 155 feet. Actively eroding banks and those
with a strong potential to erode were assessed using the BEHI/NBS methods.
Bank ID
(Left and Right)

BEHI/NBS

Length (Feet)

Percent of Total (%)

L1

Low/Low

50

50 / 155 = 32

L2

High/High

12

8

R1

Mod/High

22

14

R2

High/High

31

20

L3

Low/Mod

9

6

R4

High/High

31

20

Total Length

155

100

There are four BEHI/NBS categories present. The length of each bank was summed and
divided by the assessed bank length; the total percent is then calculated for each category
(e.g., High/High = 8+20+20 = 48). The dominant BEHI/NBS category is High/High since that
score is highest and describes 48% of the assessed banks.

4.4.2. Percent Streambank Erosion
Definition: The percent streambank erosion is measured as the length of streambank that is
actively eroding divided by the total length of bank (left and right) in the representative subreach.
Method:
1. Perform the dominant BEHI/NBS assessment methods as described in the previous
section.
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2. Sum the lengths of all banks within the BEHI/NBS categories that are considered
actively eroding (Table 3). Omit banks that are not actively eroding from this
calculation.
3. Divide the total length of actively eroding bank by the total length of streambank
within the sub-reach (see Example 6). The total length of streambank is the sum of
the left and right bank lengths within the representative sub-reach (approximately
twice the channel length).

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑆𝑡𝑟𝑒𝑎𝑚𝑏𝑎𝑛𝑘 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 =

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝐸𝑟𝑜𝑑𝑖𝑛𝑔 𝐵𝑎𝑛𝑘
∗ 100
𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑡𝑟𝑒𝑎𝑚𝑏𝑎𝑛𝑘 𝑖𝑛 𝑅𝑒𝑎𝑐ℎ

Table 3. BEHI/NBS Stability Ratings that Represent Actively Eroding and Non-eroding Banks
Non-eroding Banks
BEHI ratings of VL* or L*,
M/VL, M/L

Actively Eroding Banks
M/M, M/H, M/VH, M/Ex,
BEHI ratings of H*, VH*, or Ex*

*Regardless of NBS rating.
VL = Very Low, L=Low, M = Moderate, H = High, VH = Very High, Ex = Extreme

Example 6: Calculation of Percent Erosion

This example uses the same BEHI/NBS results as above. In the table below, actively
eroding banks are highlighted below. These bank lengths are added together
(12+22+31+31=96) and divided by the total bank length (1100 feet including left and right
banks). The total percent streambank erosion is 8.7%.
Bank ID
(Left and Right)

BEHI/NBS

Length (Feet)

L1

Low/Low

50

L2

High/High

12

R1

Mod/High

22

R2

High/High

31

L3

Low/Mod

9

R4

High/High

31

Estimating proposed condition field values: The proposed condition field value should be
based on any anticipated changes to channel bank conditions or hydraulic conditions
associated with the proposed project within the representative sub-reach of the proposed
channel. For mitigation projects, this may include an estimate of the expected extent of bank

33

Michigan Stream Quantification Tool
Data Collection and Analysis Manual
erosion at the end of monitoring, keeping in mind that monitoring events will document whether
the proposed condition is achieved.

4.4.3. Percent Streambank Armoring
Definition: Bank armoring is defined as any rigid human-made stabilization practice that
permanently prevents lateral migration processes. Examples of armoring include rip-rap, gabion
baskets, concrete, boulder toe, engineered log jams, and other engineered materials that cover
the entire bank height. Bank stabilization practices that include toe protection to reduce
excessive erosion are not considered armoring if the stone or wood does not extend from the
streambed to an elevation that is beyond one-third the bankfull height and the remainder of the
bankfull height is vegetated.
Method: Percent armoring is calculated by measuring the total length of all armored banks
within the sub-reach and dividing by the total length of streambank in the sub-reach. The total
length of streambank is the sum of the left and right bank lengths within the project sub-reach
and can be calculated by multiplying the project sub-reach length by two. Percent armoring is
reported in percent as the field value.

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑆𝑡𝑟𝑒𝑎𝑚𝑏𝑎𝑛𝑘 𝐴𝑟𝑚𝑜𝑟𝑖𝑛𝑔 =

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝐴𝑟𝑚𝑜𝑟𝑒𝑑 𝐵𝑎𝑛𝑘
∗ 100
𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑡𝑟𝑒𝑎𝑚𝑏𝑎𝑛𝑘 𝑖𝑛 𝑠𝑢𝑏 − 𝑟𝑒𝑎𝑐ℎ

Walk the sub-reach, including both sides of the stream channel, and measure the lengths of
armored banks.
Estimating proposed condition field values: The proposed condition field value is based on
any additional armoring or armoring proposed to be removed as part of the project. This
additional or reduced length should be added to or subtracted from the length of bank armoring
measured in the existing condition and divided by the proposed total length of streambank in the
reach (proposed reach length multiplied by two).

4.5. Riparian Vegetation Parameter
Definition: The riparian buffer is the land alongside fluvial systems that influences, and is
influenced by, the river and associated processes. The vegetation within the riparian buffer
plays a critical role in supporting channel stability, and physicochemical and biological
processes.
Data collection methods have been selected to provide repeatability and consistency and to
allow the data collected to apply to additional regulatory performance standards at mitigation
sites. Thirty-foot (30-ft) radius vegetation plots will be established within the riparian buffer to
collect the diameter at breast height (DBH) of trees; count the number of trees, shrubs, and
sapling density; and, if applicable, visually estimate native herbaceous cover. Plot set-ups are
described in Section 4.5.2.
There are five metrics for riparian vegetation:
•
•

Buffer width
Average DBH
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•
•
•

Tree density
Native shrub/sapling density
Native herbaceous vegetation cover

4.5.1. Buffer Width
Definition: The riparian buffer is the land alongside fluvial systems that influences, and is
influenced by, the river and associated processes. The width of natural vegetation from the
edge of the stream bank out through the riparian zone. Managed grasses, including lawns and
grass filter strips are not considered natural vegetation or part of the riparian zone (MI DEQ,
2008).
Method: The buffer width is measured horizontally from the top of the stream bank to the edge
of the conservation easement (for compensatory mitigation projects) or drainage area as long
the vegetation community is not disrupted by utility easements, roads, or other gaps in riparian
vegetation cover.
1. Measurements can be taken in the field or from the desktop. Desktop measurements
based on aerial imagery should be confirmed on the ground.
a. At a minimum, measurements should be taken at each vegetation plot.
2. Determine the average buffer width for the left and right streambank separately.
3. The average of the left and right stream bank buffer width values is the field value
entered in the MiSQT.
Estimating proposed condition field values: The proposed condition can be calculated
based on anticipated areas of riparian vegetation planting associated with the project.

4.5.2. Vegetation Plots
Vegetation metrics are assessed at plots located at equally spaced intervals along the
representative sub-reach. Sample plots shall be permanently and visibly staked in the field.
Data must be collected between July 1 and August 31. Woody vegetation may be sampled
earlier in the growing season to allow for accurate counts.
Determine the number of plots using the representative sub-reach length as shown in Table 4.
Plots should be systematically distributed along each bank such that the minimum number of
plots are evenly spaced along the known length of the sub-reach. Fewer plots may be evaluated
if the representative sub-reach is short or if the riparian vegetation is very uniform in structure
and composition throughout the sub-reach. Additional plots may be added at sites with variable
riparian vegetation.
Table 4. Number of sampling plots per Sub-Reach
Sub-Reach
Length (LF)
< 1000

Number of Plots
per Side
1 plot every 200 LF

≥ 1000

1 plot every 300 LF
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1. Calculate the number of sampling plots by dividing the sub-reach length by the plot
spacing in Table 4.
2. Select a random starting point between 30 and 100 feet from the upstream extent of
representative sub-reach.
3. The plots are 30-foot radius circles located on either side of the stream bank (Figure 11).
On each side of the stream bank, plots will alternate between (a) being located tangent
to the primary channel (center of the plot 30 feet from the stream bank) and (b) being
randomly located within the riparian buffer (center of the plot is >30 feet from the stream
bank). For plots located within the buffer, i.e., not tangent to the bank, the center of the
plot will be a random distance from the stream bank as shown in Figure 11. Plots must
be within the riparian buffer or conservation easement.
4. The herbaceous layer shall be sampled using a 3.28-foot by 3.28-foot (one square
meter) sample plot near the plot center (Figure 11).
5. Subsequent sampling plot locations should be identified using the spacing interval
identified in step 1 above. Plot locations on the right side of the stream should use the
same station locations as identified on the left. For example, if the reach is 2400’ in
length and the first plot center point is at 30’, then subsequent plots would be centered
every 300’ at 330’, 630’, 930’ and so on up to 2130’.

Figure 11. Riparian vegetation plot layout.
If a plot does not fit (e.g., the riparian buffer is not 60 feet wide) then the plot shape can be
altered as long as the area is equivalent. For example, if the easement is only 50 feet wide at a
location, then a square plot that is 50 feet wide and 57 feet long would be an equivalent area to
the circular plots. Plots should not overlap. If necessary, vegetation plots may extend beyond
the downstream end of the representative sub-reach but should not extend outside the project
reach.
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Data Collection: Data is collected for three layers separately: herbaceous, shrub/sapling, and
tree. Strata definitions are consistent with the Northcentral and Northeast Regional Supplement
(USACE, 2012; Table 5). Data for each plant species must include common name, scientific
name, wetland indicator status from the most recent U.S. Army Corps of Engineers National
Wetland Plant List for Michigan (Lichvar, 2012), physiognomic classification, and whether the
species is considered native according to the Michigan Floristic Quality Assessment (Herman et
al., 2001). Nomenclature shall follow Voss and Reznick (2012) or the Flora of North America.17
Michigan Flora Online is a searchable and browsable database that includes maps showing the
distribution of all vascular plant species native to Michigan.18
Table 5. Strata Definitions from USACE (2012)
Strata
Tree

Definition
Woody plants ≥ 3 inches in DBH.

Shrub/sapling

Woody plants < 3 inches in DBH and ≥ 3.28 feet tall.

Herbaceous

All herbaceous (non-woody) plants, regardless of size,
and woody plants < 3.28 feet in height.

4.5.3. Average DBH
Definition: Diameter at breast height (DBH) is the standard for measuring trees and refers to
the tree diameter measured 4.5 feet above the ground (Avery and Burkhart, 2002). Trees
consist of woody plants that have at least a 3-inch DBH.
Methods: For instruction on setting up sampling plots refer to the previous section. Within each
30-foot radius plot:
1. List the species of each tree within the plot (refer to Section 4.5.2).
2. Measure the DBH of each surviving, established, and free-to-grow tree. For trees with
multiple stems (e.g., bass wood or silver maple; Figure 12) measure and record each
stem at 4.5 feet above the ground.
3. Compile the values recorded for all trees in all plots and calculate the average DBH
across all plots. This value is entered in the MiSQT as the metric field value.
a. Do not calculate an average DBH for each plot separately.
Estimating proposed condition field values: The proposed condition field value should be an
estimate of average tree DBH at the site for conditions at project closeout. Users should
consider the extent of preserved vegetation, vegetation removal, and the growth rates for
planted and volunteer species over the monitoring period.
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Figure 12. Multi-stemmed silver maple. Measure each stem at 4.5 feet above the ground for the
Average DBH metric and count as single trunk for Tree Density metric.

4.5.4. Tree Density
Definition: Tree density is the frequency of trees standardized per acre. Trees are defined as
woody stems that are at least 3-inches DBH.
Methods: For instruction on setting up sampling plots refer to Section 4.5.2. Within each 30-foot
radius plot:
1. Using the data collected for the average DBH metric above, calculate the tree density in
stems per acre for each plot. For trees with multiple stems (e.g., bass wood or silver
maple; Figure 12) only count it as a single tree.
a. Note trees with multiple stems are treated differently for this metric compared to
the average DBH metric.
2. Calculate the average tree density for the site by averaging the tree densities for all
plots. This value is entered in the MiSQT as the metric field value.
Estimating proposed condition field values: The proposed condition field value should be an
estimate of tree density at project closeout. Users should consider the expected frequency of
surviving vegetation, vegetation removal, and expected cover for planted and volunteer
vegetation community over the monitoring period.
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4.5.5. Native Shrub/Sapling Density
Definition: Native shrub/sapling density is the frequency of native shrubs and tree saplings
standardized per acre. The shrub/sapling strata is defined by woody species that are greater
than 3.28 feet in height and less than 3-inches DBH.
Methods: For instruction on setting up sampling plots refer to Section 4.5.2. Within each 30-foot
radius plot:
1.
2.
3.
4.

List the species of each shrub/sapling within the plot (refer to Section 4.5.2).
Count each native, surviving, established, and free-to-grow shrub and sapling.
For each plot, calculate the shrub/sapling density in stems per acre.
Calculate the average native shrub/sapling density for the site by averaging the shrub
densities for all plots. This value is entered in the MiSQT as the metric field value.

Estimating proposed condition field values: The proposed condition field value should be an
estimate of native shrub/sapling density at project closeout. Users should consider the expected
frequency of surviving vegetation, vegetation removal, and expected cover for planted
vegetation community over the monitoring period.

4.5.6. Native Herbaceous Cover
Definition: The herbaceous strata is defined as all non-woody vegetation and woody vegetation
that is less than 3.28 feet tall.
Methods: For instruction on setting up sampling plots refer to Section 4.5.2. Within each one
square meter plot:
1. List all species present within the plot (refer to Section 4.5.2).
2. Record an estimate of percent cover, in five (5) percent increments, for each species,
bare soil areas, and open water areas relative to the total area of the plot. The total
percentage for all species should not exceed 100.
3. For each plot, sum the cover values for all native species.
4. Calculate the average herbaceous cover for the site by averaging the percent native
cover values for all plots. This value is entered in the MiSQT as the metric field value.
Estimating proposed condition field values: The proposed condition field value should be an
estimate of herbaceous cover for conditions at project closeout. Users should consider the
extent of preserved existing vegetation, vegetation removal, and the expected cover for planted
seeds given shading and seral expectations over the monitoring period.

4.6. Bed Form Diversity Parameter
Definition: Bed forms include the various channel features that maintain heterogeneity and
stability in the channel form, including riffles, runs, pools, and glides (Rosgen, 2014). Together,
these bed features create important habitats for aquatic life.
There are four metrics for this parameter: pool spacing ratio, pool depth ratio, percent riffle, and
aggradation ratio.
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4.6.1. Pool Definitions
The SQT requires identification of two pool types: geomorphic pools and significant pools.
Guidance for identifying pools in different valley types is provided below. Note: pool spacing is
calculated between geomorphic pools while pool depth and percent riffle metrics use
significant pools in their calculations.
Geomorphic pools are associated with planform features that create large pools that remain
intact over many years and flow conditions. These pools are associated with the outside of a
meander bend (streams in alluvial valleys) and downstream of a large cascade or step (streams
in colluvial and v-shaped valleys). These pools are used exclusively with the pool spacing ratio
metric.
Significant pools are associated with wood, boulders, convergence, and backwater that meet
the following criteria:
•
•
•

Have a width that is at least one-half the width of the channel bed,
Are concave in profile, and
Have a water surface slope that is flatter than the riffle.

Identifying Geomorphic Pools in Alluvial-Valley Streams:
Geomorphic pools in alluvial valleys are located along the outside of the meander bend. Figure
13 provides an illustration of what is and is not considered a geomorphic pool (pools counted as
geomorphic are marked with an ‘X’). The figure illustrates a meandering stream, where the
lateral scour pools located in the outside of the meander bend are counted for the pool spacing
measurement, and the ‘X’ marks the approximate location of the deepest part of the pool. There
are small pools associated with the large woody debris and boulder clusters in this figure that do
not constitute as geomorphic pools.
Compound pools that are not separated by a riffle within the same bend are treated as one pool.
However, compound bends with two pools separated by a riffle are treated as two pools.
Rosgen (2014) provides illustrations for these scenarios.

Figure 13. Pool Spacing in Alluvial Valley Streams
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Identifying Geomorphic Pools in Colluvial and V-Shaped Valleys:
Pools in colluvial or v-shaped valleys should only be counted as geomorphic if they are
downstream of a step, riffle, or cascade. Small pools within a riffle or cascade are not counted.
An example of pool spacing in a colluvial or v-shaped valley is shown in Figure 14. For these
bed forms, pools are only counted at the downstream end of the riffle or cascade; small pools
within the cascade feature are not included.

Figure 14. Pool Spacing in Colluvial and V-Shaped Valleys

4.6.2. Pool Spacing Ratio
Definition: The pool spacing ratio compares the stream length distance between sequential
geomorphic pools to the bankfull width at a riffle (Rosgen, 2014). Only geomorphic pools are
used to calculate pool spacing. These include pools associated with meander bends and
downstream of cascades/steps. Further explanation of pool types is provided in the previous
section.
Method: The bankfull width of the stable riffle is required to calculate this metric (refer to
Section 3.4).
1. Record the location along the longitudinal profile of the maximum pool depth of every
geomorphic pool in the representative sub-reach. Measure and record the spacing
between the maximum depths of the sequential pools.
2. The pool spacing ratio is calculated for each pair of sequential geomorphic pools in the
representative sub-reach using the equation below. Note that the bankfull width is from a
stable riffle as described in Section 3.4.1.
𝑃 − 𝑃 𝑆𝑝𝑎𝑐𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜 =

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑒𝑞𝑢𝑒𝑛𝑡𝑖𝑎𝑙 𝑔𝑒𝑜𝑚𝑜𝑟𝑝ℎ𝑖𝑐 𝑝𝑜𝑜𝑙𝑠
𝐵𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑊𝑖𝑑𝑡ℎ

3. The field value entered in the MiSQT is the median value of the calculated pool spacing
ratios.
When working in streams that have been straightened (channelized), a riffle-pool sequence may
not be present. This typically occurs because the pool forming processes (meandering and
scour processes) have been removed. The reach will be mostly riffle habitat. In this case, the

41

Michigan Stream Quantification Tool
Data Collection and Analysis Manual
user should enter a field value of 0.0. This indicates that a riffle-pool sequence should be
present based on the reference stream type, but it is absent due to channelization.
Estimating proposed condition field values: The proposed condition field value will be based
on the proposed channel profile in colluvial valleys and based on the proposed channel profile
and meander geometry in alluvial valleys.

4.6.3. Pool Depth Ratio
Definition: The pool depth ratio is the maximum bankfull pool depth divided by the mean
bankfull riffle depth. The riffle mean bankfull depth is from a stable riffle cross section rather
than measured at each riffle. The pool depth ratio is a measure of pool quality with deeper pools
scored higher than shallow pools.
Pool depth is measured in every pool that qualifies as geomorphic or significant as defined in
Section 4.6.1.
Method: The bankfull mean depth of the stable riffle is required to calculate this metric (refer to
Section 3.4).
1. Record the location along the longitudinal profile of the maximum pool depth of every
pool in the representative sub-reach (refer to pool definitions in Section 4.6.1).
2. Pool depth ratio is calculated by dividing the maximum bankfull pool depth by the mean
bankfull riffle depth from the stable riffle survey.
𝑃𝑜𝑜𝑙 𝐷𝑒𝑝𝑡ℎ 𝑅𝑎𝑡𝑖𝑜 =

𝐷𝑚𝑎𝑥 𝑝𝑜𝑜𝑙
𝐷𝑚𝑒𝑎𝑛 𝑟𝑖𝑓𝑓𝑙𝑒

If a longitudinal profile is generated, the best-fit-line through the bankfull points should be used
to calculate the bankfull elevation associated with each max pool depth location. For the rapid
survey, the difference in bankfull and water surface (established during the bankfull verification
process) should be used at each max pool depth location.
3. Calculate the average pool depth ratio and enter it as the field value into the MiSQT.
Estimating proposed condition field values: The proposed condition field value will be based
on the proposed channel profile in colluvial valleys and based on the proposed channel profile
and meander geometry in alluvial valleys.

4.6.4. Percent Riffle
Definition: Riffles are shallow, steep-gradient channel segments typically located between
pools. Riffles are the river’s natural grade control feature (Knighton, 1998) and are sometimes
referred to as fast-water channel units (Hawkins et al., 1993; Montgomery and Buffington,
1998). For purposes of the SQT, in meandering streams riffles broadly represent the section
between lateral-scour pools known as a crossover, regardless of bed material size. The term
riffle also refers to ripples in sand bed streams and the cascade section of steep mountain
streams. Riffles are measured from head of riffle to head of pool; thus, runs are considered
riffles and glides are considered pools.
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Method:
1. Measure the length of each riffle in the representative sub-reach. Riffle length is
measured from the head (beginning) of the riffle downstream to the head of a
geomorphic or significant pool (refer to pool definitions in Section 4.6.1).
2. Sum the lengths of all riffles within the representative sub-reach.
3. Divide the total length of riffle within the representative sub-reach (step 2) by the total
sub-reach length and multiply by 100 to generate a percent. Enter the percent of riffle in
the representative sub-reach as the field value into the SQT.
Estimating proposed condition field values: The proposed condition field value will be based
on the proposed channel profile in colluvial valleys and based on the proposed channel profile
and meander geometry in alluvial valleys.

4.6.5. Aggradation Ratio
Definition: Aggradation is excessive deposition that raises the channel bed. Channel instability
can result from excessive deposition that causes channel widening, and lateral instability. Visual
indicators of aggradation include mid-channel bars and bank erosion within riffle sections.
The width-to-depth ratio (W/D) is the bankfull width divided by the mean depth, both measured
at a riffle. The aggradation ratio is calculated by dividing the W/D at the widest riffle within the
representative sub-reach by a reference W/D based on stream type (Table 5). This
measurement method will be used mainly for C and E stream types but could also apply to
some Bc and B stream types. This metric is similar to the width/depth ratio state described by
Rosgen (2014).

𝑊𝑚𝑎𝑥 𝑟𝑖𝑓𝑓𝑙𝑒
𝐷
⁄
𝐴𝑔𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑖𝑜 = 𝑚𝑒𝑎𝑛 𝑟𝑖𝑓𝑓𝑙𝑒 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑊/𝐷
Method:
1. Survey multiple riffle cross-sections in the representative sub-reach with signs of
aggradation. It is recommended to take measurements at multiple riffle cross-sections
with aggradation features to ensure that the widest value for the sub-reach is obtained
and to document the extent of aggradation throughout the representative sub-reach.
2. Determine the cross-section with the widest bankfull width and calculate the W/D.
3. Determine the reference W/D. Since the W/D can play a large role in the design process
and is often linked to slope and sediment transport assessments, the reference W/D is
selected by the practitioner. The reference W/D can come from the representative
riffle cross-section (refer to Section 3.4.1) or through the design process; Table 6
provides reference W/D value from Rosgen (2014). Justification for the selected W/D
should be provided.
The reference W/D used to calculate the field value for this metric must be the same for the
existing, proposed, and all monitoring events.
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Table 6. Reference Bankfull W/D Values by Stream Type
Stream Type

Reference W/D

B

16

C

13

E

9

4. Calculate the field value for aggradation ratio by dividing the results of step 2 by the
reference W/D (step 3).
Estimating proposed condition field values: The observed value for the proposed condition
should be based on the proposed cross-section at every riffle in a representative sub-reach of
the proposed channel. The reference W/D used to calculate the field value for this metric must
be the same for the existing, proposed, and all monitoring events.

4.7. Temperature Parameter
Definition: Temperature in the MiSQT characterizes the in-stream summer temperatures within
a reach. Temperature plays a key role in both physicochemical and biological functions. For
example, fish species have optimal growth temperatures but can survive a wider range of
thermal conditions. Water temperature also influences conductivity, dissolved oxygen
concentration, rates of aqueous chemical reactions, and toxicity of some pollutants. These
factors directly impact the water quality and ability of living organisms to survive in the stream.
There is one metric used to assess temperature: July mean temperature.

4.7.1. July Mean Temperature
Definition: The July mean temperature is the average temperature calculated from continuous
data collected in the project reach.
Method: Install continuous temperature sensors following the Resource Inventory Program’s
Draft Stream and Lake Temperature Procedures (MI DNR, 2018) near the downstream end of
the project reach. Record data and perform any necessary maintenance throughout the
calendar month of July.
•

Sampling interval: Not to exceed 30-minute intervals.

To determine the field value for July mean temperature (°C) use the individual temperature
readings to calculate the average temperature for the month of July. Enter this value as the field
value in the MiSQT.
Only one year of data is required to characterize the existing condition. As water temperature
is strongly influenced by meteorological conditions, it is recommended that multiple years of
data are collected and averaged to inform the field value. Additional sensors upstream of the
project reach or project area are recommended as the results will provide valuable information
in the temperature coming in from outside the project reach.
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Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in the July mean temperature field value resulting from
the project. Practices that could impact in-stream summer temperatures include, but are not
limited to, altering streamside vegetation and channel shading, groundwater connections, or
alteration of summer baseflows (through management agreements).

4.8. Bacteria Parameter
Definition: In the MiSQT, bacteria refers to excess bacteria from agriculture, wildlife, human
sources delivered directly to the reach, or indirectly during a runoff event, into the reach. Excess
bacteria in streams can result in decreased levels of dissolved oxygen. Thus, this parameter is
recommended for projects where cattle or other livestock have unrestricted access to the
stream within the project reach.
There is one metric used to assess fecal bacteria: Escherichia coli (E. coli/100 mL).

4.8.1. Escherichia coli (E. coli)
Definition: E. coli is a type of bacteria commonly used as a water quality indicator. E. coli is
associated with other serious pathogens that are a serious risk to human and animal health.
The E. coli field value is a concentration of the number of colony-forming units (cfu) per 100 mL.
Method: The method is described in Michigan’s E. coli Water Quality Standard Fact Sheet
(EGLE, 2019). Samples should be collected at or near the downstream extent of the reach.
Three sampling events are required within a 4-week time period. Each sampling event consists
of three grab samples as described below.
Depending on the type of restoration and potential source of E. coli, the monitoring should occur
when the loading would have the greatest impact. For projects targeting dry weather, sample
when there has not been measurable rainfall for the previous 72 hours. For projects where
runoff likely entrains excess E. coli, sampling should target wet weather events that have 0.25
inches of rainfall in the previous 12 hours or 0.5 inches within the previous 24 hours. Pre- and
post-samples should be collected using the same sampling plan: dry weather or wet weather
sampling and within the same season, etc.
1. Grab samples are collected from three locations (generally called ‘left,” “center,” and
“right”) at each site of interest, avoiding overly shallow or stagnant portions of an
otherwise flowing stream. Additional grab sample guidance is outlined in Section 4.B. of
the Quality Assurance Manual for Water Sediment for Biological Sampling – Part 1 (MI
DNR, 1994).19
2. Samples must be taken to a laboratory within six (6) hours, to prevent regrowth or
death of the bacteria. Laboratories will determine colonies using one of several EPAapproved methods (Clean Water Act Section 304(h)) and report the results in colonies
per volume of water.
3. Then, a geometric mean of these three samples is calculated (called a daily geometric
mean), measured in cfu/100 mL.

19

Updates are proposed for 2021, refer to latest guidance available.
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The field value entered in the MiSQT is the geometric mean of the daily geometric means for
the three sampling events (e.g., geometric mean of the geometric means).
Additional sampling upstream of the project area is strongly recommended. This will provide
information about the level of E. coli entering the project area. Due to the variability of E. coli,
upstream E. coli concentrations would be informative in interpreting change as a results of
project activities.
Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in E. coli/100ml resulting from the project. Practices that
could impact E. coli levels include, but are not limited to, fencing out cattle and providing
alternate water sources.

4.9. Nutrients Parameter
Definition: In the MiSQT, nutrients refer to excessive phosphorus that can cause excess plant
and algal growth, periodic low oxygen concentrations, and even blooms of toxin-producing bluegreen algae.
There is one metric included in the MiSQT for this parameter: total phosphorus (mcg/L).

4.9.1. Total Phosphorus (TP)
Definition: Total Phosphorus (TP) refers to all forms of phosphorus in a sample
(orthophosphate, condensed phosphate, and organic phosphate) and is reported as a
concentration (amount [mcg] per liter). Phosphorus is a common component of manure and
agricultural and lawn fertilizers. In excess, phosphorus can speed up eutrophication of rivers
and lakes. During storm and high flow events, phosphorus is transported from the floodplain and
eroding stream banks downstream to other stream reaches, lakes, or other water bodies.
Phosphorus is assessed for stream reaches where phosphorus is expected to be improved by
restoration activities or for projects that include stormwater BMPs adjacent to the stream
restoration project.
Additional sampling upstream of the project area is strongly recommended. This will provide
information about the level of total phosphorus entering the project area and would be
informative in interpreting change as a results of project activities.
Note that values entered in the MiSQT Condition Assessment are measured values. The BMP
Routine includes a different metric for this parameter and metric, refer to Chapter 5. The field
value from the BMP Routine method cannot be used for this metric.
Method: Sample collection procedures are outlined in the Water Chemistry Monitoring Project
(WCMP) Quality Assurance Project Plan (QAPP) (MI DEQ, 2017). Samples must be collected,
preserved, transported, and stored in accordance with state requirements outlined in the WCMP
QAPP (MI DEQ, 2017). Samples should be collected at or near the downstream extent of the
reach. Pre- and post-samples should be collected using the same sampling plan: time of year
and time of day.
The WCMP requires four sampling events in a calendar year. The average of the four measured
values reported from the laboratory are entered as the field value into the MiSQT.
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Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in TP resulting from the project. Practices that could
impact TP include, but are not limited to, altering nutrients entering the stream channel from the
lateral drainage area (through management agreements or buffer planting). Altering flow
volumes could also lead to measurable changes in measured TP concentration.

4.10. Dissolved Oxygen Parameter
Definition: The dissolved oxygen (DO) parameter in the MiSQT assesses in-stream DO to
determine suitable water quality during summer.
There is one metric included in the MiSQT for this parameter: DO concentration (mg/L).

4.10.1. Dissolved Oxygen Concentration
Definition: DO is the amount (mg) of oxygen dissolved in one Liter of water and indicates the
ability of a stream to support healthy aquatic life.
Method: Deploy continuous recording dissolved oxygen loggers near the downstream extent of
the project reach. Refer to sensor instructions for deployment, calibration, and instrument
cleaning instructions. Loggers should:
•
•

Be located in comparable habitats for pre- and post-project data collection.
Record values for at least 7 consecutive days in the month of July using a sampling
interval of 10-15 minutes.

Calculate the minimum of the DO readings from the sample period. Enter this value into the
MiSQT.
Additional sampling upstream of the project area is strongly recommended. This will provide
information about the level of DO entering the project area and would be informative in
interpreting change as a results of project activities.
Only one sampling event is required to calculate the field value. As DO can be strongly
influenced by meteorological conditions, it is recommended that multiple years of data are
collected and averaged to inform the existing condition field value.
Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in DO concentration resulting from the project. Practices
that could impact DO include, but are not limited to, dam removal, altering the amount of
turbulent water habitats, altering riparian buffers such that nutrient loads and algae growth are
affected, and practices that alter stream temperature.

4.11. Macroinvertebrates Parameter
Definition: Benthic macroinvertebrates, also called aquatic macroinvertebrates, are an integral
part of the food web and are commonly used as indicators of stream ecosystem condition.
There are two metrics to assess the macroinvertebrate parameter: P51 and P22 index scores.
These refer to the procedure numbers for the data collection methods: Procedure 51 (P51) and
Procedure 22 (P22), respectively.
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4.11.1 Macroinvertebrate P51 Index Score (Wadeable Streams)
Definition: P51 results in a multi-metric index score for wadeable streams from the sum of nine
macroinvertebrate metrics. The metrics provide information on various biological attributes
which, overall, document changes amongst macroinvertebrate communities in response to
stream quality conditions (MI DEQ, 2008).
Method: Implement macroinvertebrate sampling procedures as described in P51, Qualitative
Biological and Habitat Survey Protocols for Wadeable Streams and Rivers (MI DEQ, 2008).
Sampling should occur:
•
•

Between June 1 and September 30
During periods of stable discharge and at times of low or moderate flow

Samples should be counted and identified in the field to the level outlined in Appendix H of P51
(MI DEQ, 2008).
Instructions on calculating the composite macroinvertebrate score, and interpretation are
described in the Great Lakes and Environmental Assessment Section (GLEAS) Procedure 51
Metric Scoring and Interpretation (Creal et al., 2018). The nine-metric composite score will
range between +9 and -9.
The macroinvertebrate score is entered as the field value for the P51 metric.
Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in P51 macroinvertebrate score resulting from the project.
Practices that could impact macroinvertebrate communities include, but are not limited to,
altering in-stream water quality, presence and extent of macroinvertebrate habitat, and
landscape and aquatic connectivity. Altering flow volumes could also lead to measurable
changes in macroinvertebrate communities.
Notably, if the proposed condition field value is within two (2) of the existing condition field
value, no lift will be calculated (see the Spreadsheet User Manual).

4.11.2. Macroinvertebrate P22 Index Score (Non-wadeable Streams)
Definition: P22 is a multi-metric index score resulting from the sum of 10 macroinvertebrate
metrics measured from non-wadeable streams. The metric provides information on various
biological attributes, which overall, document changes amongst macroinvertebrate communities
in response to stream quality conditions (MI DEQ, 2013). Further, the metric is intended to
capture various human influences on water chemistry, in-stream habitat, and riparian and
catchment land use (Wessell, 2004).
Method: Implement macroinvertebrate sampling procedures as described in P22, Qualitative
Biological and Habitat Survey Protocols for Non-wadeable Rivers (MI DEQ, 2013).
Samples should be counted and identified to the level outlined in the Qualitative Biological and
Habitat Survey Protocols for Non-wadeable Streams and Rivers (MI DEQ, 2013).
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Instructions on calculating the composite macroinvertebrate score and interpretation, is
documented in P22 (MI DEQ, 2013). The composite macroinvertebrate score will range from 0
to 100.
The macroinvertebrate score is entered as the field value for the P22 metric.
Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in P22 macroinvertebrate score resulting from the project.
Practices that could impact macroinvertebrate communities include, but are not limited to,
altering in-stream water quality, presence and extent of macroinvertebrate habitat, and
landscape and aquatic connectivity. Altering flow volumes could also lead to measurable
changes in measured macroinvertebrate communities.

4.12. Fish Parameter
Definition: Fish are an integral part of many functioning stream systems and are an important
management priority within Michigan.
One metric is used to assess the fish parameter in the MiSQT: the P51 index score, which
refers to the procedure number for the data collection methods, Procedure 51 (P51).
A MI DNR Collectors Permit is required for fish sample collection.

4.12.1. Fish P51 Index Score (Wadeable Streams)
Definition: P51 results in a composite score from the sum of ten metrics sampled from fish
communities in warm or warm transitional, wadeable streams. The metrics are intended to
provide information on various biological attributes which, overall, document changes in fish
communities in response to various stream quality conditions (MI DEQ, 2008).
Method: Implement fish sampling procedures and identification guidance as described in P51,
Qualitative Biological and Habitat Survey Protocols for Wadeable Streams and Rivers (MI DEQ,
2008).
Note, sampling area changes based on stream size. Sampling should occur:
•
•

Between June 1 and September 30
During periods of stable discharge and at times of low or moderate flow

Instructions on calculating the composite fish score, score interpretation, and overriding
considerations are described in the GLEAS Procedure 51 Metric Scoring and Interpretation
(Creal et al., 2018). The 10 metrics composite score will range between +10 and -10 for the fish
community.
The composite fish score is entered as the field value for the P51 metric.
Estimating proposed condition field values: The proposed condition field value should
estimate/predict the expected change in P51 fish score resulting from the project. Practices that
could impact fish communities include, but are not limited to, altering in-stream water quality,
presence and extent of fish habitat, and landscape and aquatic connectivity. Altering flow
volumes could also lead to measurable changes in measured fish communities.
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Notably, if the proposed condition field value is within two (2) of the existing condition field
value, no lift will be calculated (see the Spreadsheet User Manual).
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5.

Best Management Practice (BMP) Routine

The BMP Routine contains two parameters and two metrics, one metric for each parameter:
•
•

Effective impervious Cover (%) assesses the reach runoff parameter.
Total phosphorus (event mean concentration in mcg/L) assesses the nutrients
parameter.

Following parameter selection guidelines, both parameters must be assessed if the BMP
Routine is utilized. Where BMPs are required as part of a NPDES permit, the BMP Routine
cannot be used to generate lift.
Field values for the BMP Routine are modeled following the procedures below using EPA’s
Region 5 model (Section 5.1.1). The Spreadsheet Tool for Estimating Pollutant Loads (STEPL)
can be used only when multiple BMPs are being proposed in series (Section 5.1.2).
Definition: Every BMP requires the user to delineate the basin area treated by the BMP in
acres. This basin area refers to the BMP catchment, or drainage area contributing to the BMP.
The effective stream length is calculated based on the provided basin area (refer to
Spreadsheet User Manual for more information).

5.1.

Model Instructions

Field values for the BMP Routine are modeled following the procedures below using EPA’s
Region 5 model. The STEPL can be used only when multiple BMPs are being proposed in
series.
The BMP Routine requires experienced professionals who have the academic background
and practical training in running either the EPA Region 5 model or STEPL model. The
instructions in this section do not substitute for reading the model documentation.

5.1.1. Region 5 Model
Method: Information on downloading and using the Region 5 model is found on EPA’s
website.20 The instructions below do not replace reading through the model documentation and
user guidance.
1. Open the model in Excel. On the “Instructions” worksheet tab, locate the BMP to be
assessed. Check that the BMP to evaluate is listed under “Urban Runoff EMC.” (It may
also appear under the “Urban Runoff Loading Rate” worksheet). Then, navigate to the
“Urban Runoff EMC” worksheet to begin data entry. Only results from the “Urban Runoff
EMC” tab can be used for this metric.
2. Review the assumptions and default values used to calculate the flow volume reduction
estimates. Default values should not be changed unless site-specific data is available.
Documentation must be provided if default values are not used.

20

Current version is Region 5 from March 2018, available through EPA: https://www.epa.gov/nps/region5-model-estimating-pollutant-load-reductions
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3. Enter the site’s state, county, weather station, soil, land use area, and BMP type and
associated BMP drainage area (basin area) information following instruction notes
provided on the worksheet.
4. Locate pre- and post-BMP TP loads and pre- and post-BMP flow volumes at the bottom
of the worksheet. This information will be used to calculate field values for the BMP
Routine.
5. Record the following values:
a. Pre-BMP TP load (lb/yr)
b. Pre-BMP flow volume (ac-ft/yr)
c. Post-BMP TP load (lb/yr)
d. Post-BMP flow volume (ac-ft/yr)
6. Proceed to Sections 5.2 and 5.3 to calculate the field values for the MiSQT.

5.1.2. STEPL Model
Method: Information on downloading and using the STEPL model is found on EPA’s website.21
The instructions below do not replace reading through the model documentation and user
guidance.
Note: the STEPL tool has the ability to process data for up to 10 watersheds and multiple BMPs
within the same Excel workbook. For the purposes of the SQT, BMPs along different reaches
can be entered in the STEPL model as separate watersheds.
1. Open the model in Excel using the STEPL application. Review directions for data entry
on the “Input” worksheet.
2. Review default values used to calculate reduction loads.22 Default values should not be
changed unless site-specific data is available. Documentation must be provided if
default values are not used.
3. Begin data entry following instructions on the “Input” worksheet. Additional instruction is
outlined in the User’s Guide available on the EPA’s website where the model is also
downloaded.
4. Navigate to the “Urban worksheet.” Select “Urban BMP Tool” at the top of the page to
enter data on the BMP(s) based on land use within the watershed. Press “Apply
LID/BMP” and then “Exit”.
5. On the same worksheet, navigate to pre- and post-BMP TP loads located at the bottom.
This information will be used to calculate field values for the BMP Routine.
6. Record the following values:
a. Pre-BMP TP load (lb/yr)
b. Post-BMP TP load (lb/yr)
7. Right-click on any worksheet tab. Navigate to “Unhide” and select “Land & Rain.” Record
the following value:
a. Total runoff volume (flow) (ac-ft/yr)

21

Current version if STEPL 4.4 from March 2018, available through EPA:
https://www.epa.gov/nps/spreadsheet-tool-estimating-pollutant-loads-stepl#doc
22
Default values may be “hidden.” To unhide, highlight all cells in the worksheet, right-click, the select
“unhide.”
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8. Proceed to Sections 5.2 and 5.3 to calculate the field values for the MiSQT.

5.2.

Runoff Parameter

Definition: Runoff is the volume of water from a rain event, or in the case of many BMP tools,
an estimate of the average annual runoff (measured in cubic feet or acre-ft) resulting from the
average annual precipitation.
There is one metric for the reach runoff parameter: Effective impervious cover (%).

5.2.1. Effective Impervious Cover
Definition: Effective impervious area is the portion of total impervious surfaces that are
hydraulically connected to the storm sewer system (Alley & Veenhuis, 1983; Booth & Jackson,
1997). Example of effective impervious surfaces are curbs, gutters, and paved parking lots that
drain onto streets. Effective impervious cover is typically less than total impervious cover.
Several studies compiled by Schueler (2009) have demonstrated the relationships between
impervious cover and stream health. Declines in diversity of aquatic insects, fish, and instream
habitat quality occur when watershed imperviousness exceeds 10-15%. As a result, BMP
practices aim to mitigate peak runoff flow and volume, which typically increase as watershed
impervious cover increases.
Method:
1. Determine the existing condition field value by measuring the total percent of impervious
cover within the basin area. The existing condition impervious cover can be determined
by delineating impervious surfaces (rooftops, streets, sidewalks, parking lots, etc.) within
the BMP drainage using recent aerial imagery. The percent impervious area can also be
derived from the latest NLCD.23
a. If the stream restoration project involved the removal of impervious surfaces from
the BMP basin area, then the field value for the Proposed Condition Assessment
is determined by recalculating the total percent impervious for the basin area.
2. Where a stormwater runoff retention BMP was installed and EPA’s Region 5 model was
used to model a BMP, the proposed condition in the BMP Routine will be calculated
using the equations below.
3. Where a stormwater runoff retention BMP was installed and the STEPL model was used
to model BMP benefits, the total impervious cover for the BMP basin area is entered as
both the existing and proposed condition field value.24 Proceed to Section 5.3.
In order to associate the model outputs with effective impervious cover, the Simple Method
(Schueler, 1987) is used to calculate an effective impervious cover based on the change in
runoff volume associated with the BMP. The Simple Method is only applicable for basin areas
that are 1 square mile or less (Schueler, 1987).

23

https://www.mrlc.gov/
The STEPL model rolls up hydrologic and physicochemical benefits of a BMP into a single
effectiveness value and the runoff reductions from a BMP are not provided in the model separate from the
nutrient reductions.
24
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𝑅𝑣 = 0.05 + (0.009 ∗ 𝐼)
Where, 𝑅𝑣 is the Simple Method runoff coefficient and 𝐼 is the percent impervious cover of the
catchment (%).

𝑉 = 𝑃𝐽 ∗ 𝑅𝑣 ∗ 𝐴 ∗ (𝑃⁄12)
Where, V is the flow volume (ac-ft), PJ is the fraction of rainfall events that produce runoff, A is
the catchment area (ac), and P is the average annual rainfall (in).
The below equation is derived from the Simple Method equations and can be used to determine
the proposed condition field value.
𝑉𝑃𝑜𝑠𝑡−𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 𝐵𝑀𝑃

𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = (

𝑉𝑃𝑜𝑠𝑡−𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡

) (5.56 + 𝐼) − 5.56

Where, Ieffective is the effective impervious cover after the BMP is installed (proposed condition
field value), V is the volume of runoff (ft3 post-development being the existing condition and with
BMP being the proposed condition) and 𝐼 is the percent impervious cover of the basin area (%).

5.3. Nutrients Parameter
Definition: In the MiSQT, nutrients refer to excessive phosphorus that can cause excess plant
and algal growth, periodic low oxygen concentrations, and even blooms of toxin-producing bluegreen algae.
There is one metric for the total phosphorus parameter: STEPL or Region 5 model.

5.3.1. Total Phosphorus (TP)
Definition: Phosphorus is a common component of manure, agricultural fertilizers, and organic
wastes from industrial effluent and sewage. In excess, phosphorus can speed up eutrophication
of rivers and lakes. During storm and high flood events in streams, phosphorus is transported
from eroded stream and the floodplain into a stream, lake, or other water body.
This metric is the modeled event mean concentration of total phosphorus in runoff from a BMP.
The total phosphorus parameter is assessed as a concentration instead of a load (load equals
the pollutant concentration times the flow volume). This is important because the reduction in
runoff volume is captured by the runoff parameter in the BMP Routine.
Method:
1. Using the model results from either EPA’s Region 5 (Section 5.1.1) or EPA’s STEPL
(Section 5.1.2) model, convert the TP load (lb/yr) and flow volume (ac-ft) values using
the equations below.
a. The Pre-BMP TP concentration (mcg/L) is calculated using the pre-BMP load
and pre-BMP runoff volume and entered in the MiSQT as the existing condition
field value.
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b. The Post-BMP TP concentration (mcg/L) is calculated using the post-BMP load
and post-BMP runoff volume and entered in the MiSQT as the proposed
condition field value.
c. Note that for the STEPL model, the flow volume is the same value for both the
existing (Pre-BMP) and proposed (Post-BMP) condition.
Convert lb to mcg:
𝑇𝑃 𝐿𝑜𝑎𝑑 𝑂𝑢𝑡𝑝𝑢𝑡 (

𝑙𝑏
4.536 ∗ 108 𝑚𝑐𝑔
𝑚𝑐𝑔
) ∗ 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (
)
) = 𝑇𝑃 𝑙𝑜𝑎𝑑 (
𝑦𝑟
1 𝑙𝑏
𝑦𝑟

Convert ac-ft to L:
𝑅𝑢𝑛𝑜𝑓𝑓 𝑣𝑜𝑙𝑢𝑚𝑒 (

𝑎𝑐 − 𝑓𝑡
1.233 ∗ 106 𝐿
𝐿
) ∗ 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (
) = 𝑅𝑢𝑛𝑜𝑓𝑓 𝑣𝑜𝑙𝑢𝑚𝑒 ( )
𝑦𝑟
1 𝑎𝑐 − 𝑓𝑡
𝑦𝑟

Field value calculation:
𝑚𝑐𝑔
𝑇𝑃 𝑙𝑜𝑎𝑑 (
)
𝑚𝑐𝑔
𝑦𝑟
)=
𝑇𝑃 (
𝐿
𝐿
𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒 ( )
𝑦𝑟
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Appendix A
Rapid Method

Introduction and Purpose

This appendix provides instruction on how to collect and analyze data for the Michigan Stream
Quantification Tool (MiSQT) using the rapid method. The MiSQT can be applied at two levels
of quantitative data collection effort: (1) detailed method and (2) rapid method. This appendix
outlines the rapid method. Refer to Section 3.3. of the Data Collection Manual for more detail on
the rapid and detailed methods.
The MiSQT requires a multi-disciplinary team of professionals who collectively have the
academic background and practical training in each assessment method. Required experience
and expertise includes the following disciplines: ecology, aquatic biology, plant biology,
hydrology, and geomorphology. Interdisciplinary teams of at least two people with a
combination of these skill sets are necessary to ensure consistent and accurate data
collection and analyses. Field trainings in these methods and the Stream Functions Pyramid
Framework are recommended.
Rapid Method: The rapid method assesses the basic suite of metrics (Section A1.1) utilizing
rapid survey procedures described in Sections A3.2 and A3.3. The field component of the
rapid method will typically take two to four hours for a qualified team of 3 persons to
complete per project reach.
Rapid Survey Procedures: Multiple metrics used to quantify hydraulic and geomorphology
parameters require data from cross-sections and longitudinal profiles. There are rapid and
detailed procedures for collecting this data. This appendix described the rapid survey
procedures. For the detailed method, a longitudinal profile consists of at least four features:
thalweg, water surface, bankfull, and top of low bank. Standard survey methods can be used
to collect these data using a survey-grade GPS, laser or standard level, total station, or
similar equipment (Harrelson et al., 1994; Rosgen, 2014).
This appendix will provide instruction to:
•

Prepare the user for fieldwork to collect data for the basic suite of metrics (Section A2);
and
Collect field data for the metrics listed above using the rapid method (Section A3).

•

Rapid survey procedures described in Sections A3.2 and A3.3 include bankfull verification and
field data collection necessary to calculate field values for the following metrics:
•
•
•

•
•
•

Bank height ratio
Entrenchment ratio
Pool spacing ratio
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A1.1. Basic Suite of Metrics
A basic suite of metrics within 6 parameters is recommended at all sites1 (Table A1).
Table A1. Basic Suite of Metrics.
Parameter

Reach Runoff

Floodplain
Connectivity
Large Woody
Debris (LWD)

Lateral
Migration

Riparian
Vegetation

Metric
Land use change
coefficient
Concentrated flow
points
Bank height ratio
Entrenchment ratio

Notes
This metric is entirely a desktop exercise.
Methods are found in the Data Collection and
Analysis Manual.
Methods are found in the Data Collection and
Analysis Manual.
Rapid survey procedures include measurements
required to calculate these metric field values.

LWD Index

Procedures described in Davis et al. (2001) and
Harman et al. (2017).

Dominant BEHI/NBS

Procedures for BEHI/NBS described in Starr et
al. (2015) and Rosgen (2014). Data Collection
and Analysis Manual provides additional SQTspecific instructions.

Percent streambank
erosion

Methods are found in the Data Collection and
Analysis Manual.

Percent streambank
armoring

Metric only assessed in reaches where armoring
is present or proposed. Methods are found in the
Data Collection and Analysis Manual.

The reference
vegetation community
determines metric
selection.

Methods are found in the Data Collection and
Analysis Manual. Fewer vegetation plots may be
acceptable for the rapid, depending on the
vegetation community.

Pool Spacing Ratio
Bed Form
Diversity

Pool Depth Ratio
Percent Riffle

Rapid survey procedures include measurements
required to calculate these metric field values.

Aggradation Ratio
The equipment list and general instructions in this appendix are written to assess the basic
suite of parameters and metrics listed in Table A1. There is an optional field form provided in
Appendix B of this manual to accompany the rapid method. The field form is also available as
an Excel workbook that performs calculation to determine or inform field values. 2 Thus, data
can be entered upon returning from the field.

The basic suite of metrics is required at all project sites evaluated as part of the state’s administration of
the Part 301 Inland Lakes and Stream program.
2
Microsoft Excel version of the field form is available at: www.mi.gov/lakesandstreams
1
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Additionally, in Appendix B there are field forms provided for BEHI/NBS (used to calculate
dominant BEHI/NBS and percent eroding streambank metric field values) and LWDI. As noted
in Table A1, the methods to collect data for some metrics in the basic suite of metrics (and
included in the rapid method) do not have separate procedures for the rapid method compared
to the detailed method of data collection. Instructions are not provided in this appendix for these
metrics, refer to source material and the Data Collection Manual for instructions.

A2.

Rapid Assessment Field Preparation

Prior to going out in the field, collect background information on the ecoregion, river basin,
topography, and local geology to help understand and interpret the field data. Perform initial
reach break estimates from the desktop and fill out data in the Site Information and Reference
Stratification section of the Quantification Tool worksheet and the field form (including drainage
area, ecoregion, stream order, etc.). Before field data collection, it is also recommended to:
•

•

•
•
•

Estimate bankfull dimensions from available regional curve(s). The field form requires
the user to identify the regional curve used and provide dimensions for bankfull
verification to be used in the field. Refer to Section 3.4 of the manual for instructions on
bankfull verification. Best available regional curves within Michigan are included in
Appendix C. However, EGLE’s website should be checked periodically for updates.3
Describe the valley morphology (e.g., confined versus unconfined) and estimate valley
widths from recent aerial imagery. Mark locations on field maps where valley width
changes and valley measurements will need to be taken.
Measure buffer widths from recent aerial imagery and study riparian buffer
heterogeneity. Plan to verify estimates in the field.
Print field forms and maps.
Sinuosity can also be measured at the desktop using high quality aerial imagery.
Sinuosity is not a metric or entry into the MiSQT but is a part of stream classification.

A2.1. Equipment List
At a minimum, the following field gear will be needed to assess the basic suite of metrics (refer
to section A1.1 of this appendix).
•
•
•
•
•
•
•
•
•

3

Field forms and maps
Waders
Camera
Metric ruler
Clinometer
GPS unit (helpful with lateral migration, riparian extent, and sinuosity field
measurements)
Calipers large enough to measure 50 cm diameter logs (not required, but helpful for the
LWDI assessment)
DBH tape
1-meter square for herbaceous plots (See Figure A1)

www.mi.gov/lakesandstreams
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T-post, PVC, and zip ties to mark center of vegetation plots (See Figure A1)
Survey equipment
o Hand or line level
o Enough 300’ tapes for the assessment reach length (note: a tape with feet on
one side and metric on the other is recommended)
o 100’ Tape
o Stadia rod

Note about sampling periods: Data from vegetation plots must be collected between July 1 and
August 31.

Figure A1. Herbaceous Frame (left) and Centroid Marking for 30-foot Radius Plot (right).

A2.2. Bed Feature Identification
Measurements of floodplain connectivity and bed form diversity metrics requires bed form
identification. Bed forms focus on riffles and pools, these terms are defined below. Transition
features (e.g., runs or glides) are not characterized separately from riffles and pools.
Riffles
Riffles are shallow, steep-gradient channel segments typically located between pools. Riffles
are the river’s natural grade control feature (Knighton, 1998) and are sometimes referred to as
fast-water channel units (Hawkins et al., 1993; Montgomery and Buffington, 1998). For
purposes of the SQT, in meandering streams riffles broadly represent the section between
lateral-scour pools known as a crossover, regardless of bed material size. The term riffle also
refers to ripples in sand bed streams and the cascade section of steep mountain streams.
Riffles are measured from head of riffle to head of pool; thus, runs are considered riffles and
glides are considered pools.
Pools
The SQT requires identification of two pool types: geomorphic pools and significant pools.
Guidance for identifying pools in different valley types is provided below.
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Geomorphic pools are large pools that remain intact over many years and flow conditions and
are created by planform features. These pools are associated with the outside of a meander
bend (streams in alluvial valleys) and downstream of a large cascade or step (streams in
colluvial valleys). These pool types alone are used to determine the pool spacing ratio metric
field value.
Significant pools are pools associated with wood, boulders, convergence, and backwater that
meet the following criteria:
•
•
•

Have a width that is at least one-half the width of the channel bed,
Are concave in profile, and
Have a water surface slope that is flatter than the riffle.

Identifying Geomorphic Pools in Alluvial-Valley Streams:
Geomorphic pools in alluvial valleys are located along the outside of the meander bend. Figure
A2 provides an illustration of what is and is not considered a geomorphic pool (pools counted as
geomorphic are marked with an ‘X’). The figure illustrates a meandering stream, where the
lateral scour pools located in the outside of the meander bend are counted for the pool spacing
measurement, and the ‘X’ marks the approximate location of the deepest part of the pool. There
are small pools associated with the large woody debris and boulder clusters in this figure that
are not counted as geomorphic pools.
Compound pools that are not separated by a riffle within the same bend are treated as one pool.
However, compound bends with two pools separated by a riffle are treated as two pools.
Rosgen (2014) provides illustrations for these scenarios.

Figure A2. Pool Spacing in Alluvial Valley Streams.
Identifying Geomorphic Pools in Colluvial and V-Shaped Valleys:
Pools in colluvial or v-shaped valleys should only be counted as geomorphic if they are
downstream of a step, riffle, or cascade. Small pools within a riffle or cascade are not counted.
An example of pool spacing in a colluvial or v-shaped valley is shown in Figure A3. For these
bed forms, pools are only counted at the downstream end of the riffle or cascade (shown with
an X); small pools within the cascade feature are not included.
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Figure A3. Pool Spacing in Colluvial and V-shaped Valley Streams.

A3. Rapid Assessment Field Data Collection
Data collected in this section will be used to fill out the remaining measurements on the field
form.

A3.1. Reach Walk
It is recommended to walk the entire reach at the beginning of field work. Data are recorded
during the reach walk in Section II of the field form (Figure A4). The reach walk should
extend along the entire stream reach and include both sides of the stream channel.
1. Determine the location of the representative sub-reach. The representative sub-reach is
roughly 20 times the bankfull width or two meander wavelengths, whichever is longer.
The representative sub-reach should capture conditions that are typical of the stream
reach.
2. Locate and flag bankfull indicators throughout the reach. As bankfull indicators are
noted, measure the difference between water surface elevation and bankfull indicators
using a stadia rod and a hand level (or line level) and describe the feature (e.g. back of a
point bar, top of bank, or break in slope). These data can be recorded in Section II of the
field form and will be used as a part of bankfull verification. More detail is provided in
Section A3.2.
3. Note any concentrated flow points and measure the length of any armored banks within
the reach. Refer to the Data Collection and Analysis Manual.
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Reach Walk

A.

Number of concentrated flow points:

3

Notes: Two storm drains - 15" CMP on LB at station 2+00 and 24" CMP on RB at station 7+00. Third is a
head cut, up a ditch extending 200' into floodplain - RB Sta. 6+00.

B.

Armored Bank Lengths (ft):

10

15

Notes: Concrete bank protection, failing. See photos.

C.

Difference between BKF stage
and WS (ft)

Describe the bankfull indicator

0.58

Strong indicator, top of a mid-channel bar.

0.62

Scour line.

Figure A4. Field Form Reach Walk Example.

A3.2. Field Indicators for Bankfull Verification
Bankfull (BKF) is a discharge that forms, maintains, and shapes the dimensions of the channel
as it exists under the current climatic regime. The bankfull stage or elevation represents the
break point between channel formation
and floodplain processes (Leopold and
Tips for Identifying the Bankfull Feature:
Wolman, 1957).
1. Look for depositional features such as point
bars, mid-channel bars, or islands. Bankfull is
Data are recorded in Sections II and III
often the highest elevation or top of
of the field form. Verification of field
depositional features, especially toward the
indicators is required, and lines of
upstream end of these features.
evidence are laid out in the Data
Collection and Analysis Manual. The field
2. Check the bank for a break between
measurements must be compared to
depositional processes and channel formation
dimensions from regional curves or
processes such as a slope break. The top of
dimensions generated by a return
the first depositional flat above the waterline
interval analysis.
along the channel margin, especially if freshly
deposited sand is present.
A3.2.1. Difference Between Bankfull
3. For incised channels with a developing
Stage and Water Surface
floodplain, bankfull is typically the back of a
Longitudinal profiles allow the user to
sloping bench. The front of the bench is
compare the slope of the bankfull line to
typically the inner berm.
the water surface slope as described in
4. Scour lines should only be used to reinforce
Rosgen (2014). The rapid method uses
indicators from depositional features.
the difference between water surface and
bankfull indicators to identify bankfull
within the project reach. Measuring the
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distance between bankfull indicators and water surface elevation throughout the reach
increases the accuracy of bankfull determinations compared to a bankfull indicator that is
determined at a single location.
Identify bankfull features throughout the reach during the reach walk. As bankfull indicators are
noted, measure the difference between water surface elevation and bankfull indicators using a
stadia rod and a hand level (or line level) and describe the feature (e.g. back of a point bar, top
of bank, or break in slope). The difference between water surface and bankfull should only vary
by a couple of tenths of a foot throughout the reach. Bankfull determination is suspect if the
difference between bankfull indicators and water surface elevation varies by more than two to
three tenths. Where bankfull indicators throughout the reach are inconsistent or difficult to
identify, it can be helpful to record notes about the indicators and the relative strength (or
confidence) of the bankfull indicators throughout the reach. This enables the user to give more
weight to the strongest geomorphic indicators in the project reach. Based on data collected
throughout the reach, form a consensus on the difference between the bankfull (BKF) elevation
and water surface (WS) elevation.
Identifying bankfull elevation in incised streams (including excavated ditches) can be quite
difficult or even impossible. If bankfull indicators cannot be identified in an incised channel, it is
recommended either that measurements be made at a local reference reach near the project
site or in a nearby watershed, or that bankfull dimensions be determined using regional
reference curves, and preferably watershed-specific regional curves (refer to the Data Collection
and Analysis Manual Section 3.4).

A3.2.2. Stable Riffle Cross-Section Dimension Survey
Riffle dimensions are necessary to verify bankfull and to create dimensionless ratios for other
measurements that quantify the departure of the stream from a stable condition. Therefore, a
rapid survey of the bankfull channel at a single riffle cross-section within, or near, the reach is
performed. Selection of the stable riffle is critical; the criteria below can aid in the selection of a
suitable riffle:
•
•
•

Stable width and depth, no signs of bank erosion or headcutting. The bank height ratio is
near 1.0.
Cross-sectional area plots within the range of scatter used to create the regional curve.
More information is provided in the next section.
The bankfull width/depth ratio is on the lower end of the range for the reach.

Note: In a highly degraded reach, a stable riffle cross-section may be used from an adjacent
upstream or downstream reach. If a stable riffle meeting these criteria cannot be found within or
adjacent to the reach, then the user will survey a riffle within the reach that contains the
strongest bankfull indicator identified during the reach walk
Survey the stable riffle cross-section as follows:
1. Stretch a tape from the left bankfull indicator to the right bankfull indicator. Use the
primary bankfull indicator (left or right) to level the tape.
2. Level the tape by attaching a line level and measuring the distance from the water
surface to the tape at the left and right edge of water surface; the location where the
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water meets the streambank. The distance should be the same on both sides and
should be within the range recorded in Section II of the field form during the reach walk.
3. Record the bankfull width.
4. Working from left to right, record the station from the tape and the depth from the tape to
the channel bottom using a stadia rod. Include major breaks in slope, the thalweg, points
halfway between edge-of-channel and bankfull, and other points along the channel
bottom. Record these data in Section III of the field form.
5. Calculate the bankfull mean depth and cross-sectional area. These calculations are
automatically performed in the workbook version of the field form. A rough estimate of
the mean depth can be calculated in the field by adding all the depth measurements
(except for zeros at bankfull) and dividing by the number of observations. The area is the
bankfull width times the mean depth.

A3.3. Rapid Survey of the Representative Sub-Reach
All data outlined in this section should be recorded in Section IV of the field form (Figures A5
and A7). Riffles, geomorphic pools, and significant pools are defined in Section A2.2 of this
appendix.
Determine the minimum length of the representative sub-reach. Stretch a tape or multiple tapes
along the edge of the channel or top of streambank. Begin and end the representative subreach at the head of a riffle feature.
IV.

Representative Sub-Reach

A.

Assessment Segment Length
At least 20 x the Bankfull Width

B.

Riffle Data

360

20*Bankfull Width

R1

R2

R3

R4

0

52

108

240

End Station (Distance along
tape)

20

60

130

250

Low Bank Height (ft)

1.8

1.1

1.2

1.6

2

1.1

1

1.3

Bankfull Width (ft)

16

22

21

17

Flood Prone Width (ft)

27

32

34

34

Bankfull Mean Depth (ft)

1.6

0.9

0.8

1.5

Begin Station (Distance along
tape)

Bankfull Max Depth (ft)

R5

R6

Figure A5. Field Form Representative Sub-Reach Riffle Data Example.
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Riffle Data
Measure the following at every riffle within the representative sub-reach and record values:
1. Record the station along the tape where the riffle begins.
2. Record the station along the tape where the riffle ends. If there is a run, the end station
should be at the end of the run feature. Riffles end at the head of a geomorphic or
significant pool.
3. Identify the middle of the riffle feature.
4. At the approximate mid-point of the riffle, identify the lower of the two streambanks and
measure the difference in stadia rod readings from the thalweg to the top of the low
streambank. Record this value as the low bank height.
a. Note, when the top of low bank and the bankfull feature are the same, the BHR
equals 1.0.
b. Useful scenarios for identifying bankfull and low bank height in incised channels
are provided in Section A3.3.1.
5. Measure the difference in stadia rod readings from the thalweg to the bankfull indicator
and record this value as the bankfull max depth (Figure A6).
a. Alternatively, if no bankfull indicators are present, measure the difference in
stadia rod readings from the thalweg to the water surface then add the value
recorded for the difference between bankfull stage and water surface.
6. Measure the bankfull width at the midpoint of every riffle by stretching a tape from the
left bankfull indicator to the right bankfull indicator. Use the primary bankfull indicator or
the difference between water surface elevation and bankfull that has been recorded on
the field form to level the tape.
7. Flood-prone width – This measurement is required in the midpoint of one riffle that is
representative of the valley width for the reach. For reaches with changes in valley width
or a bank height ratio greater than 2.0, flood-prone width should be measured at the
midpoint of each riffle. The flood-prone width is the width of the valley at a height that is
twice the bankfull max depth. Locate and flag the points along the cross-section in the
floodplain where the difference in stadia rod readings between the thalweg and that point
is twice the maximum bankfull depth (Figure A5). Use tapes and/or a range finder to
measure the distance between the flags. Rosgen (2014) shows examples of ER
calculations.4

4

ER examples are also available from:
https://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=1259

Page A-10

Michigan Stream Quantification Tool
Data Collection and Analysis Manual

Appendix A
Rapid Method

Figure A6. Measuring Bankfull Max Depth and Flood-Prone Width (FPW).
8. Bankfull mean depth – Mean depth is the cross-sectional area divided by the width and
therefore a calculation rather than a measurement. The mean depth can be estimated
and recorded as the difference between the edge of channel and the bankfull stage.
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Pool Data
Riffles, geomorphic pools, and significant pools are defined in Section A2.2 of this appendix.
Measure the following at every geomorphic and significant pool within the representative subreach and record values (Figure A7).

C.

Pool Data
Geomorphic Pool?

P1

P2

P3

P4

P5

G

G

G

G

Station
At maximum pool depth

36

84

185

250

Geomorphic P-P Spacing (ft)

X

48.0

101.0

65.0

1.2

1.4

2

1.1

Pool Depth (ft)
Measured from Bankfull

P6

P7

P8

Figure A7. Field Form Pool Data Example
9. Record whether the pool is a geomorphic pool.
10. Locate and record the station of max pool depth.
11. At the point of max pool depth, measure the difference in stadia rod readings from the
thalweg to the bankfull indicator and record this value as the maximum pool depth.
a. If no bankfull indicators are present, measure the water depth then add the value
recorded for the difference between bankfull stage and water surface.
Slope and Sinuosity

D.

Slope

Station along tape (ft)
Stadia Rod Reading (ft)

E.

Begin

End

Difference

Slope (ft/ft)

0

16

16.0

0.013

4.8

5

0.2

Sinuosity
Stream Length (ft)

500

Valley Length (ft)

415

Sinuosity

1.2

Figure A8. Field Form Slope and Sinuosity Example.
The slope of a stream reach is indicative of the energy within a channel and necessary for
discharge calculations. Although energy and discharge calculations are not a part of the rapid
method, reach slope is a component of the Rosgen stream classification system. Ideally, the
Page A-12

Michigan Stream Quantification Tool
Data Collection and Analysis Manual

Appendix A
Rapid Method

average reach slope would be calculated for the entire stream reach as the difference between
the water surface elevation at the head of the first riffle and at the head of the last riffle in the
reach, divided by the centerline channel distance between these two points. For this
assessment, the distance will be limited by the line of sight and magnification of the hand level
being used. Estimate the slope of the channel by:
12. Record the station and stadia rod reading, made using the hand level, of water surface
at the head of similar features (i.e. riffle to riffle, or pool to pool, etc.). Measurements that
span multiple riffle-pool sequences will provide a more accurate representation of the
reach slope.
13. Calculate the slope as the difference in water surface measurements divided by the
difference in station (channel distance) between the two readings.
Sinuosity may have been calculated using aerial imagery, but it can be also be measured in the
field. Sinuosity calculations are described in more detail on page 2-32 of Rosgen (2014).5 This
measurement is a guide for stream classification (Section A3.4 of this appendix) and is not a
measurement used in the SQT.
14. Sinuosity can be measured in the field using either of the following methods depending
on available equipment:
a. Use a GPS unit to map the stream centerline along the project reach length. The
stream length and valley length can then be measured in the office using the
GPS data.
b. Using either a range finder or available tapes, measure the centerline channel
distance and the valley length between two common points. There is space
provided on the field form to record the stream length and valley length.
The last section on the field form for the representative sub-reach is identifying the trajectory of
channel evolution. This is discussed in more detail in Section A3.4 of this appendix.

A3.3.1. Low Bank Height in Incised Channels
The low bank height is the lower of the left and right streambanks, indicating the minimum water
depth necessary to inundate the floodplain. In incised channels with a bankfull bench,
determining when bankfull and the top of bank are equal to each other can be challenging.
Two common scenarios are detailed below. Note that both scenarios assume that bankfull has
already been identified and verified within the reach, refer to Section A3.2.
Scenario 1: If bankfull is identified as the back of the bench, then the top of the low bank is the
top of the left or right bank which break onto the terrace (Figure A9).

5

Guidance on calculating sinuosity also available from:
https://nctc.fws.gov/courses/CSP/CSP3200/resources/documents/Geometry_AFG2013.pdf
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Figure A9. Low Bank Identification in an Incised Stream Scenario 1 (bankfull and top of low
bank are not equal).
Scenario 2: If bankfull elevation is identified as the front of the bench, then the width that
expands the left and right bench plus the bankfull channel width (Figure A10) must be measured
before the top of low bank can be determined.
Specific criteria include:
•

For C or E proposed/reference stream types, if the total width (left bench + bankfull
channel + right bench) is greater than 2.2 times the channel width, then the top of low
bank is equal to bankfull.

•

For B proposed/reference stream types, if the total width (left bench + bankfull channel +
right bench) is greater than 1.4 times than the channel width, then the top of low bank is
equal to bankfull.

•

If values are lower than or equal to the 2.2 for C/E proposed/reference stream types and
1.4 for B proposed/reference stream types, then the top of the low bank is the top of the
left or right bank which break onto the terrace (Figure A10).
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Figure A10. Low Bank Identification in an Incised Stream Scenario 2 (top of low bank must be
determined via calculations).

A3.4. Stream Type and Channel Evolution
The MiSQT requires that the existing stream type and reference stream type be determined
according to the Rosgen classification system. This stream classification system is described in
detail in Applied River Morphology (Rosgen, 1996). Rosgen stream type classifications and
basic fluvial landscapes in which the different stream types typically occur are also described in
Part 654 Stream Restoration Design National Engineering Handbook (NRCS NEH, 2007).
Stream classification is based on valley type, entrenchment ratio, width-depth ratio, bed
material, sinuosity, and slope (Figure A11). The user can classify bed material by performing a
reach-wide pebble count (Rosgen, 2014). The pebble sizes that classify different materials are
provided in Table A2.
Table A2. Sediment Size Ranges
Channel Material
Size Range (mm)
Silt or Clay
< 0.062
Sand
0.062 – 2.00
Gravel
2.01 – 64
Cobble
64.01 – 256
Boulder
256.01 – 2048
Bedrock
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Figure A11. Key to Rosgen Classification of Natural Rivers. Image is from Rosgen (1996).
Data collected from the representative sub-reach (Section A3.3) provides necessary input to
determine the Rosgen stream type that is typical of existing conditions in the project reach.
Instructions in this appendix have characterized a stable riffle for bankfull verification (Section
A3.2.2) that is within or near the project reach. The stream type determined for this riffle could
be representative of the existing stream type and/or useful in determining the
reference/proposed stream type.
Channel succession scenarios (Figure A12) are included on the field form to assist in
determining the reference/proposed stream type as well. Rosgen Channel Succession
Scenarios (Rosgen, 2006) can help determine if the stream is trending towards greater or lesser
functionality and determine the likely end point of channel evolution. Refer to Section 3.1 of the
Spreadsheet User Manual for further discussion on reference stream type.
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Figure A12. Channel Succession Scenarios. Image is from Rosgen (2006).
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Date:
Investigators:

MiSQT Rapid Method Form
Version 1.0

Reach Information and Stratification

I.
Project Name:

Shading Key

Reach ID:

Desktop Value
Field Value

Upstream Latitude:

Calculated Value

Upstream Longitude:
Downstream Latitude:
Downstream Longitude:
Stream Reach Length (ft):
Valley Type:
Drainage Area (sq. mi.):
Strahler Stream Order
Flow Type:
Ecoregion:
Wadeable / Non-wadeable:
Reference Vegetation Community:

II.

Reach Walk

A.

Number of concentrated flow points:
Notes:

B.

Armored Bank Lengths (ft):
Notes:

C.

Difference between BKF stage and
WS (ft)

Describe the bankfull indicator
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Date:
Investigators:

MiSQT Rapid Method Form
Version 1.0

Bankfull Verification and Stable Riffle Cross Section

III.
A.

Difference between BKF stage and WS (ft)
Average or consensus value from reach walk.

B.

Bankfull Width (ft)

E.

Regional Curve Bankfull Width (ft)

F.

Regional Curve Bankfull Mean Depth (ft)

G.

Regional Curve Bankfull Area (sq. ft.)

H.

Curve Used

I.

Flood Prone Width (FPW; ft)

Cross Section Measurements
Depth measured from bankfull
Station

Depth

Measuring Flood Prone Width (FPW)
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Station

Depth

Date:
Investigators:

MiSQT Rapid Method Form
Version 1.0

Representative Sub-Reach

IV.
A.

Assessment Segment Length
At least 20 x the Bankfull Width

B.

Riffle Data

20*Bankfull Width

R1

R2

R3

R4

R5

R6

R7

R8

P1

P2

P3

P4

P5

P6

P7

P8

G

G

G

G

Begin Station (Distance along tape)

End Station (Distance along tape)

Low Bank Height (ft)

Bankfull Max Depth (ft)

Bankfull Width (ft)

Flood Prone Width (ft)

Bankfull Mean Depth (ft)

C.

Pool Data
Geomorphic Pool?
Station
At maximum pool depth
Geomorphic P-P Spacing (ft)

X

Pool Depth (ft)
Measured from Bankfull

D.

Slope
Begin

End

Station along tape (ft)
Stadia Rod Reading (ft)

E.

Sinuosity
Stream Length (ft)
Valley Length (ft)
Sinuosity
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Difference

Slope (ft/ft)

Date:
Investigators:

F.

MiSQT Rapid Method Form
Version 1.0

Channel Succession Diagrams

Rosgen Channel Succession
Scenario
Rosgen, D.L., 2006.
Watershed Assessment of
River Stability and Sediment
Supply (WARSSS) , Wildland
Hydrology Books, Fort Collins,
Colorado.
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March 3, 2015

Adjusted SLME
Regional Hydraulic Geometry and Discharge
Equations
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ = 7.79 𝑥𝑥 𝐷𝐷𝐷𝐷.47 (𝑅𝑅2 = 0.86)

𝐷𝐷𝐷𝐷𝐷𝐷𝑊𝑊ℎ = 1.11 𝑥𝑥 𝐷𝐷𝐷𝐷.17 (𝑅𝑅 2 = 0.34)

𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝐼𝐼 𝐵𝐵𝐷𝐷𝐼𝐼𝐵𝐵 = 4.55 𝑥𝑥 𝐷𝐷𝐷𝐷.64 (𝑅𝑅2 = 0.98)
𝐷𝐷𝐼𝐼𝐷𝐷𝐴𝐴 = 8.78 𝑥𝑥 𝐷𝐷𝐷𝐷.65 (𝑅𝑅 2 = 0.96)

𝐷𝐷𝑊𝑊𝐷𝐷𝐷𝐷ℎ𝐴𝐴𝐼𝐼𝑎𝑎𝐷𝐷 = 18.19 𝑥𝑥 𝐷𝐷𝐷𝐷.68 (𝑅𝑅 2 = 0.89)
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